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ISOLATION OF CONSTITUENTS OF Glottidiun 


and W V Laute) 


Conference on Economie Botany 


The Nt W York 
sponsoring a conterence on economic hot- 
August 12 and 13, 1958. The 


PUrpose Ol the Sess1loOns is to attempt to 


Botanical Garden is 


any on 


formulate the alms and goals which can 
be incorporated In 
fined field 


A current 


this presently ill-de- 


Is that 
botany should concern itself with basie 


viewpoint economic 
botanical, phytochemical, and ethnologi- 
cal studies of plants known to be useful 
or those which may have potential uses 
sO Tal 


unde, eloped. Economic botany 


is, then, a composite ol those sciences 
working specifically with plants of im- 
portance 


To be 


ate starting point, it Is necessary to have 


to man 

assured that this is an appropri- 
ideas presented from every aspect of thi 
field 
product art 


Those who must sell a finished 


aware Ol present needs and 


future possibilities; those who carry out 
research programs are aware of the capa- 
bilities of the plants and the 
The 


pects come in for their important role in 


problems 
still contronting them teaching as- 
first stimulating students toward a caree! 
and then providing a satisfactory 
riculum to this end. At 
little communication between the people 


cur- 
present there 1s 
interested in these aspects 

We hope then to formulate plans 101 
economic botany which will assist all 
those whose problems deal with plants 
of importance to man to bring order 
from present chaos 

Although the number of participants 
invited to attend is small, those chosen 
the important 
deavors which impinge upon the field of 
economic botany. 


represent most of en- 
The conferees repre- 
sent teaching, research, and commercial 
organizations, both publie and private 


Many laboratari sand experiment sta- 


full time to experiments de- 
signed to increase vield, produce 


I 
better a 


tions che vote 


] 
ionger, 


host ol 


resist such important 
factors in plant utilization—but in few 
places may one find studies on the same 
plants at a pure ly botanical or phvyto- 


chemical level 


What are the 


lmnportance? 


botanical 


studies of These are ex- 


periments primarily made for the botani- 


cal information inherent in them and not 


specifically based upon tiie desire ior a 


specific answer to a utilization problem 


They are studies of the variations ol 


economie crops trom the standpoint of 


their classification, and the 


Dasis Ol the 


Varlation in. the genetic mechanisms 


which operate Examination of the evo- 


lution of economic plants, which shed 


light primarily on one of the most in- 
triguing biological problems, yield as by- 
products the 


possible prediction ol new 


Variation within a croup. There are other 
fascinating and highly important prob- 
lems in economic plants: the mechanisms 
by which plants produce certain signifi- 
lats, 


latex, alkaloids, ete 


cant products oils, Waxes, 


and the 
poses which these serve in the plants 


gulls, 


resins, pur- 


We must also remember that the study 


i 


of economic plants has uses other than 


purely commercial. Through the proper 
employment of ethnobotany, many prob- 
civilization, past, 
future, can be elucidated 
It has 


le mis Ol 


present, and 


been demonstrated that, on 
those occasions where basic studies have 
been made, there is real significance for 
later developmental stages in agriculture. 
One of the most striking examples which 
one might cite is the ease of Shull’s work 


on hybrid corn, where curiosity concern- 


ing the effeets of breeding of pure lines 
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and 


the results of hybrids from these has 


value of these pointed out to them, tor 
been responsible for tremendous profits. they are well significances 
Staptls Classihneation of the oll-grasses, Ol this type or re search It is our prob- 
qone purely Ifo! taxonomic impor- lem to stimulate more scientific interest 
ance, has it f essential oils in the field, for economic botany Is OL Thiet 
to new most fundamental Importance to man 
(our conterees 


Davin J. Ro 


The Effects of Gibberellin on Economic 


WITTWER 
of Ho 
I 


INTRODUCTION 


Ciibbere llin, the generic nae 


al closely related chemical substances 
ol which cibberelhe acid Is tiie best 
known, exerts marked effects on plant 


Within 


plant physiologists and horticulturists of 


western 


behaviol the past three ye: 


ils 


the world have moved into 


CX- 


citing areas of research with these chem- 


which had an onental 


32 vi 


covered thi 


beginning 

(97) 
fungus 

Wollenw 


which caused the “Bakanae” or “foolish 


cals 
Kurosawa 


the 


Oovel “urs Is- 


“ugo 
filtrates 
fujikuro 


Irom 
Gibberella (Sawada) 


seedling CIseast a Ol rice sO named be- 
cause infected plants grew unusually tall 
“over- 
This 
fungus produced a 
the Bakanae 


Kurosawa and others attempted, 


and then died—produced the same 
stimulation as the disease 
that the 


Causing 


crowth” 
suggested 
substance symp- 
toms 
but failed, to isolate the active principal 


for T. Yabuta and \¥ 


miki (Fig 1) of the University ol Tokyo 


It remained Su- 

dis- 

covery Was announced in 19388 (202). 
Not 


tiie 


to characterize gibberellin, and the 


until 1955-56 did active research 


in western hemisphere begin with 


these substances on economic crops 


Since then a number of reviews of th 


history, physiological action, and agri- 


cultural potentialities of the gibberellins 
have appeared (9, 22, 23a, 59, 81, 
137a, 161 175, 176, 190, 199, 204). 
Concurrent with these reviews producers 


137, 


Article No 
Agricultural Experiment Station 
= The 
financial 
Chas. Pfizer Co 
reported herein 


1 Journal 2262 from the Michigan 
the 
the 
original studies 


gratefully acknowledge 
Merck and Co 
the 


authors 
issistance ol and 


in some ol 


120, 


AND 


Crops’ 


M. J. BUKOVAC 2 _ 
Michigan State ( 
Mi 


of gibberellin have prepared several sum- 
and literature 

gibberellins Ay “ As 
\y (179) nave 


isolated from filtrates of t 


Maries 


Four (gibbe 


ellie acid), and thus far 


Deel 


e lungus 


Giibberella funkuro It is now well 


known that “gibbe rellin-like substances 


are widely distributed in actively grow- 
and 


(33, 
Of 


reproductive tissues 
103, 125, 127, 143, 
significance is the 
isolation of gibberellin A, from 
Phaseolus multiflorus Lam. (130) The 


many unique plant responses that have 


Ing 
ants 
158) 


recent 


been recorded following treatment with 
gibberellin and the rapidity with which 
and 


in diverse 


greenhouse held testing has pro- 


{ 


ceeded areas Ol crop produc- 


tion suggested the need for an appraisal 
of agricultural utility which 1s 


tive of this paper 


GENERAL EFFECTS Ol] 
ON GROWING 


GIBBERELLIN 
PLANTS 
l Practically all are affected and re- 
spond by more rapid growth and elonga- 
affected 


still 


tion 1 penetration Is on parts 


actively growing or capable of 


growth 
\ given species Or Varle ty responds 


wide range of concentrations, and 


Gibrel Merck 
Abstracts of 
Gibberellic 
Velsicol 
“Gibberellin Fact 


Rahway 
the 
Bul 


ind ¢ 
Current 


Acid 


Rese reh on 
Plants 

Chem. Cor} Chicago, IIL; 
Book I li Lilly and TCOo., 
Indianapolis, Ind.; “Gibberellic Acid and Gib- 
Acid Bibhography Plant Protection 
Fernhurst Research Station, Surrey 


Since 


on 


bere hie 
| td 


land 


Eng- 
this manuscript was submitted the 
Book ol 
work prepared by Dr 


the 


Gibberellin i | 


Frank H 


ittention 


“source monumenta 
Stodola } 


come to authors 
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varieties within a 
differently to the 
Young plants are more sensi- 


different 


species and 


species react SUili¢ 


treatment 
t than old, but as with environmental 


Ve 


stimuli, a certain size has to be attained 
before flowering can be accelerated. 


3 


able effects 


Amounts needed to produce notice- 
small, ranging from one- 
| hundred 


are 


thousandth to severa micro- 


grams pel plant, or a Traction OF a gram 


to several ounces per acre 


Fic. 1 
lokvo 


The discoverers of gibberellin, Drs 
Photogray SV ( \ 


hh courte Sumiki 


4. The 


method o 


most effective and. efficient 


f appheation is to the growing 
plant in water solution as a foliar spray, 
the 


applications have proven ust ful 


although seed treatments and “in 
furrow” 
on young seedlings 

5. Some effects on herbaceous plants 
are while a dis- 


cernible response On woody plants may 


noticeable within hours, 
take several days or weeks 

6 
distribution 


Gibberellin is highly mobile and 


is systemic In most herba- 


BOTANY 


ceous plants but not necessarily in woody 
plants or those with large storage tissues 


tesponses are often induced 


at 
the 


points 


considerably removed from site 


Oo! 
application; accordingly complete cover- 
in tohage 


age 


appheations may not be 
essential 


‘ The stimulatory effects are tempo- 


rary; thus, for a continuing response re- 
peated dosages 


Ss 


are necessary 


Soth enlargement (elongation) 


Yabuta (left) and Y. Sumiki, University of 


and normal cell division 


These 


are promoted 


properties are not unique, how- 


ever, With gibberellin since they also re- 
side in 


many naturally occurring sub- 


stances extractable from plants and have 


a number of parallels among the syn- 


thetic auxins and kinins 

9. The primary stimulus is on growth 
of plant parts above ground. Leaf areas 
and length of the main stem axis are in- 
creased. Upright plants grow taller, and 


prone plants become more upright. Root 


EFFECTS 


eee 
Phe 


rogress peas 


rellin 


ind Contender beans 


effects of gibbe on the 


tomato, P 


growth and enlargement mav be signifi- 
cantly altered under some conditions 


10. New 


ol chlorotic 


growth is often paler vreen 
This can be partially offset 
by maintaining high fertility levels, par- 
ticularly nitrogen 


a. 


when erowth 


rop response n greatest 


is retarded subnormal 


, 
Dy 


temperatures, low light intensities, short 


days and deficient moisture 
12. Plant 


of organic and mineral constituents) is 


composition (concentration 


Fic. 3. Growth response of beans (var. Blue 


berellin A; and As, 120 hours 
Left to right 


ilter treatment 


ug plant OO 01 


Height in em i 9 11 


GIBBERELLIN 


growth 
Control plants on left, gibbe 


L, 
After 


ON ECONOMIC CROPS 


of dwarf plants 


rellin tr 


altered, although 


exception Nk 


as 


not appreciably one 


re ported 


notable been 


(149a) 


GROWTH RESPONSES 
Dwarf and Non-Dwarf Plants 
Che 


following 


most dramatic differences in height 
treatment oibberellin 
(Fig 2) have been observed with geneti- 


cally dwarf mutants and highly determi- 
nant varieties of crop plants (3, 19, 21, 


24, 56, 86, 153, 191). This has tended to 


ike) to various 


Bukov ac 


amounts ot a 
and Wittwer (24) 


mixture 
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divert attention from normal types and marked effect occurs at short photo- 
even prompted the suggestion that tail periods (Fig. 4). While the reversal of 
r pole type varieties respond but little genetic dwarfism and promotion of twin- 

at all (19, 21,23). That this may not ing growth (124) with gibberellin is of 


) 


be so is revealed by Fig. 3 in considerable academic interest since it 


Fic. 4. Effects of gibberellin on the growth of dwarf, intermediate and tall pea varieties 
grown under short, 9 hi top) and long IS hr bottom) photoperiods Left A and C), con- 
trols—not treated; right (B and D) plants spraved with 100 p.p.m. solution of gibberellin after 
first two leaves had unfolded Varieties in A, BA ind D from left to right, and in order of de- 
reasing dwarfness when grown under long days without gibberellin as in C: Progress No. 9 
Little Marvel, Early Perfection, Alaska, Thomas Laxton and Alderman Note that tall varieties 
ol peas Alaska, Thomas Laxton and Alderman) show little o1 10 differences in height when 
treated with gibberellin under long days (C and D), but a significant increase under short days 
\ ind B 


which Blue Lake pole beans have been offers a biochemical basis for heritable 
found highly sensitive as a bio-assay to characteristies, it is not likely that such 
extremely low dosages (0.01 yg./plant) findings will have agricultural utility. 
and they also respond to a wide range of Yields and performance of treated 
concentrations (24) Admittedly, tall dwarfs, though much higher than other- 


pea varieties show little response to gib- wise, seldom exceed the normal types 
berellin if grown under long days, but a (82). On the other hand, the reversal of 


EFFECTS O1 


(10 


arnoldiana 


147) in the 


sarg.) 


physiologic dwarfism 
(Malus and 


peach (Prunus Persica Batseh) could be 


apple 


useful in eliminating or reducing aifter- 
ripening procedures for the propagation 
Ol many tree Trults and ornamentals 

Leaf Expansion and Changes in Leaf 


and Shoot Morphology 


An increase in leaf area and othe 


photosy nthetie surfaces has 


(22) 


been 


sug- 
gested as the probable explanation 
$0°° in 


crops such as celery and forage grasses 


for increases in yield of up to 
following a single application of gibber- 
ellin. Numerous othe plants (18, 24, 43, 
65, 132, 132a, 152, 150, 177, 178) 


shown dry weight increases of somewhat 


have 


lesser magnitudes. The reports of Haber 


and Tolbert (67a) and Noggle (148) that 
gibbe rellin does not enhance the ul Ol 


CQO, fixation per unit of leaf tissue sup- 


port the increased leaf area hypothesis 


as the 


explanation for dry matter in- 


creases. Growth responses from gibber- 
lin can also occur in the dark (78, 115, 


180a) 


? 
I 
] 
i 


t 

Gibberellin does promote ove ral] 
expansion 
Variety ol 


leaf and elongation with a 


wide species, and a typical 


test with bean 


plants resulted in in- 


TABLE |] 


ErrecT OF GIBBERELLIN AND STAGE OF DeveLop- 


MENT UPON THEI PRIMARY 
LaKeE Bean (Phase- 
24 Hours Arrer 


APPLYING 10 MIcCROGRAMS OF 


IXPANSION OF THI 
LEAF OF THE BLU! 


ol ilga is L.) 
(rIBBERELLIN 


Leaf 


irea 
Percent « Xxpan- 


s10n ol primary 
leaf at time 
ol treatment 


Gibber- go 

square 

ellin J . Percent 
centi- 

of control 


meters 


20-30 


GIBBERELLIN ON 


ECONOMIC CROPS 


{ 16 
laces OL primary 
With 


treatment was reflected by bro: 


CTeCASCS to 29 percent 


(Table 


(Fig. 5) 


leaves 
celery 


ana longer petioles and in the ltorme! 
] 


the larger petioles nave 1 mM 
vield increases (91, 149 
Differences in leaf and shoot 


sub- 
180, 


result 
stantial 
197) al or- 
phology as well as size an 
have been tiie subject oft othe 
(65. 70a. 92. 95. 96. 133 
197), but it is not 


vield responses can be 


tions 
165. likely 
resoived 
variables 

] 


Regrowth of fall spinacl 


Oleracea L.) after an initial and 


during cool weather has been stimulated 
with gibberellin, and the leaves of treated 
us adapted 


(137a, 200) 


cotiana Taba- 


plants are more upright and tl 
for mechanical harvesting 

The tobacco plant (.\ 
cum L.) was the object of muc] 
(176) 


appears with this crop grown primarily 


research by the Japanese 


for its leaves or leaf products that 1m- 


portant and perhaps desirable changes 
in breadth, thickness, 


and composition 


(nicotine content) might be (49, 


149a 


Inauced 


Vegetative Extension, Plant Heights, 
Dry Matter Accumulation 
and Crop Yields 


‘he most and 


effect ol 


apparent 
gibberellin is a promotion of 


. 
widespread 


growth by stem elongation and an in- 
crease 1n height, not necessarily reflected 
by greater weight or volume. Hundreds 
of herbaceous and woody plants, ranging 
from orchids and succulents to ever- 
greens, shade trees and forest crops have 
9, 24, 39, 41, 55, 68, 
73, 90a, 92, 98, 107, 1382, 132a, 136, 145, 
156, 157, 165, 190). In general, rapidly 


herbaceous plants require only 


responded (2, 2a, 5, 


rrowing 


low dosages of gibberellin and are par- 


ticularly responsive if extra fertilizer, 


especially nitrogen, is provided (157) 
Some of 


the earliest reports from the 
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western hemisphere (18, 24, 106, 140) of the plant when treated appears im- 
emphasized that total dry weights were portant as well as the number and fre- 
increased on many herbaceous plants quency of applications (24, 141, 197) 
treated with gibberellin. The highly Temperature and particularly photo- 
transient nature and non-predictability period exert a marked influence (Tables 


cts of gibberellin on the growth of Early Fortune (Golden Plume type) celery 


19 davs after treatment Left, control (no treatment); right (row in background) 100 p.p.m 
the equivalent of 15 grams per acre, of gibberellin applied as a foliar spray Average petiol: 
length of treated celery was 10 inches compared to 8 inches for the controls, and stalks were 40 
percent heavier Treated ce lerv was also better blanched Photog iphed it Thomas Bosgr mil 


ind Sons Celery Farm, Hudsonville, Michigan. After Wittwer and Bukovae (197) 


of such increases have become all too II, III] and IV). Indeed, many of the 
apparent in recent years. Some crops, contradictory results pertaining to dry 
and even varieties within a crop, but not matter increases following treatment 
others, have shown increases (18, 24). with gibberellin might be resolved by a 
Gains in dry weights of tops are oltten consideration of the photoperiod under 
not accompanied by corresponding in- which the experiments were conducted 

creases 1n root weights (3, 18, 24). Age That gibberellin has no promotive ef- 


OF GIBBERELLIN ON 


TABLE II 
Dry Weicgutr AccUMULATION 


PREVAILING 


ErrE OF GIBBERELLIN ON 


SPRING 


Crops GRowN rH! LAT! 


14-16 


AT 


HRS AND AT AND 1S 


917 
1256 
278 


Ate 


41 
1341 
206 


307 


20 da 


12 davs 


fect on initiation or growth of roots has effee 


ellin 
] 


GaOsa 


been generally accepted, but exceptions 
to 
(48, 


this have already appeared 


163) 


cones pt 


Whereas there is usually no 


BBERELLIN AND T oF APPLICATION ON 


Two Varieties or Frecp Grown 


roots 


ECONOMIC CROPS 


cAL | 


PHOTOPERIOD 


IN Tops anp Roors OF SEVEr ONOMK 


AND EARLY SUMMER 


IN CULTURE SOLUTIONS 


t ol low eoneen ations (¢ 


on root erowth, somewhat 


ges definitely retard elongation 
of several verminat 


FresH WEIGH 
Apium gq 


ition 


Cornell 19 
Utah 10-B 


Cornell 19 


Utah 10-B 


. roximately 30% produced seedstalks 


Ap] 


26 and 16 


100 ; 


ECONOMIC 


TABLI 


(; IBBERELI 


1\ 
WEIGHT 


ACCUMULATION oF P m x m | 


KFFECT OF on Dry 


AND Apru } olens L. Grown 
HRS.) AND 


P HOTO- 


Cornell 19 
Utah 10-B 


i] 
19 


V) 


thre 


seedlings (Table Similarly, gibber- 


ellin rooting 


ind 


antagonizes response 


uced by 3-indoleacetiec acid and 2- 


An addi- 


complication arises in that gibber- 


naphthale neacetic acid (21) 


tional 


BOTANY 


ellin may the 


(ign), 
ol 


ind root 


absorption 


transport (3 and redistribution 


materials from the shoot to root 


to shoot, and this effeet for lar ab- 


sorbed phosp!| ate Is opposite hat in- 
duced by male 1¢ hydrazide 


\ field 


gibberellin fon 


serious hazard in 


enhancing vields o 


tation or dry matter lies in the 


able Dalance temporal ly @ 
tween top and root growth 


ind thus 


crops may be subject to undue moisture 


stress and temporary nutrient deficiences, 


rABLE VI 


Errect or Mareic Hyprazipt 


DISTRIBUTION OF 


AND GIBBERELLIN 


Foiar ABSORBED 
In P) 


LAK! 


UPON 


P 


rH 
LABELED PHOSPHATI 
ilge I BLU! 


Malei 


hydrazide 


TABLE V 


Errect oF Various CONCENTRATIONS OF 


(JERMINATING SEEDLINGS OF SEVERAI 


SOLUTION PER 


100 


imis 
cucumber 


Wisconsin 


Fagopy ilentun 
Moench 


Japane se 


im ¢ 
buckwheat 
val 
wtivum I 
pea) 
Little Marvel 
Sonal 
Golden Cross 


(sweet corn 


*or ** Differs signifi 


(sIBBERELLIN 


PETRI 


UPON Root ELONGATION OF 


Piants (10 ML. or GIBBERELLIN 


Dish) 
Gibberellin (p.p.m 
500 


1000 
3.0 ** 
06 ** 


OQ. ** 0.0 ** 
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1] 


with all accompanying disorders, when — spring and extended by several weeks in 


soil moisture and fertility levels are mar- autumn (80, 106, 140, 141, 194). Mid- 
ginal This has been noted repeatedly In winter growth in cool weather has been 
the lighter green (chlorotic) foliage, and induced in an otherwise wint¢ r-cadormant 
wilting and burning out of terminal Brazilian pasture grass, Panicum maxi- 
growt! and scorching of leaves of treated mum Jaeq (61) Growth which would 
plants during hot weather (24, 27, 68, not have occurred because of low tem- 
106, 182, 132a, 135, 140, 141, 157, 190, peratures has been induced on Camellia 
194, 197, 198, 200) japonica L. (116) and young grapefruit 


6. The effect of gibberellin in promoting the growth of grass (predominantly Poa pra- 
uw. Kentucky bluegrass) in early spring. Rectangular plots (15 square feet each) starting 
in the foreground and going toward the back were sprayed March 5, 1957, with aqueous solutions 
containing 1,000, 0, 100, 1,000, 10, 0, 100, 0, 1,000, 100, 10, 1,000, 0, 100, and 10 p.p.m., respectively 
of gibberellin Photog iphed April 1, 1957 \fter Wittwer and Bukovas 194) 
trees (Citrus paradisi Maef.) (44). 
Promotion of Growth at Subnormal 


Coleman (43) reports that the most pro- 
Temperatures 


nounced effects of gibberellin on the 

A notable effect of gibberellin on an growth of sugarcane (Saccharum offici- 
unusually large number of plants is that mnarwm L.) occurred when environmental 
the temperature optima for growth ap- conditions were unfavorable for normal 
pear to be broadened and the minima vegetative growth, specifically during 
lowered. Growth of forage grasses is drought periods in the summer and the 
initiated (Fig. 6) much earlier in the extremely cold conditions of November, 
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1957, when under field conditions heights 
latter 
above the controls 


of treated plants in the instances 
increased 300% 
ol 


flowe) 


wer 


The possible use gibberellin in pro- 


rapid 
('yclame? 


moting development 
Auth 
summer environments has also been sug- 
gested (93) 


Gibbere 


oO! 


indicum during advers¢ 


(Fig. 7) 
unliorm 
stand with a 
14, 82, 84, 86, 139, 
are many reported 
90a, 152, 152a, 168, 


llin seed treatments 
earlier, 


better 


nave promoted more 


emergence, and a 
Variety ol crops i @ 
196), alt 
failures 


hough there 


(13, 53, 57, 


a 


Effects of gibberellin in slurry seed treatments on eme rgence ol 
(A and B) and 18: C, (C 
treated with seed protectant slurry (Delsan AD 


‘) and Sanilac beans (B and D), at 13 


4. B.C or D, left to right 


slurry + 500, + 2500, and + 10,000 p.p.m 


170) and in some seedlings were 
| 


ce cotyledonized 


tests, 
hypocotyls 
149, 196) 
gibberellin 


split 
The 


seed 


and 
during emergence (57, 
effects of 


treatments on seedling emergence 


promotive 
have 
been most apparent in early spring when 
temperatures were otherwise too low for 
normal performance. More rapid emer- 


gence under such conditions should en- 


able farmers to begin weed control ear- 
lier and reduce hazards from insects and 
that affect 
The heat-sum 
emergence of peas and beans have been 
reduced 20 to 30%. Slurry seed treat- 
ments of gibberellin for peas and beans 


diseases germinating seed- 


lings. requirements for 


BOTANY 


(including soybeans) also have promise 
for producing taller plants with longer 
combin- 


149, 


stems more adaptable to direct 


ing mechanical harvesting (3b, 


196) 


The concept that gibberc llin responses 


or 


are most pronounced when climatic 


limitations for growth are greatest is 


now based on a considerable body of 
(42, 43, 61, 80, 84, 106, 114, 
194, 201). This unique, and 
almost ignored, effect of gib- 
the 


rature, 


evidence 
140, 141, 
until now 
berellin in 


partially overcoming 


growth restricting effects of temp 


\ and 
rows 1n either 
only, seed pr 


Alaska peas 
ured 


and D) P 


otectant 


of gibberellin 


light, and moisture should 


challenge to horticulturists and agrono- 


serve as a 


Mists to apply this important control of 


plant behavior in numerous areas of 


crop production ; and to the plant physi- 


ologist and biochemist the resolution of 
the action by which gibberellin modifies 
climatic control of growth should be a 


fruitful area of research 


FLOWERING RESPONSES 


Biennials 


The discovery that stem elongation 


and flowering in Hyoscyamus niger L. 
(100) could be induced with gibberellin 


Was at first a minor sensation It was 
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soon apparent, however, that gibbe rellin 
was effective only under long days and 


that other cold-requiring biennials, with 


a few exceptions, did not respond so 

favorably Among the many biennials 

which have specific cold plus long-day 

TABLE VII 

Coip-ReeuirInG BrENNIALS IN WHICH FLOWER- 

ING Has Been AccELERATED BY GIBBERELLIN 
Arter WittWer ANd BuKovac (192 
Plant lreatments 

{ m graveolens I 1 fohage sprav of 1000 
ir. dulce Pers p.p.m. at 12-15 leat 
celery) stage 
Cornell 19 and 
Utah 10-B 

Beta vulgaris L 1 foliar spravs of 1000 
sugar beets) p.p.m. at 3-4 wk 
Us. 400 ntervals 

Brassica oleracea L 100 wg. or fohar sprays 
var. capitata of 1000 p.p.m. weekly 
cabbage ) for 8 wks. First treat- 
Golden Acre and ment at stem diame- 
Ferry’s Round Dutch ter of 1 em. and 7-9 

eaves 

Brassica oleracea | As abc for cabbage 
var. acepl DC 
kale) 
Siberian and Dwart 
blue curled 

Brassica oleracea J 100 wg. weekly or foliar 
var. acephala DC sprays of 1000 p.p.m 
collards) for 6 wks. at 7-9 leaf 
Georgia and stage and 1 cm. stem 
Louisiana Sweet diametet 

Brassica Napobrassica 3 tohage spravs ol 1000 
Mill. (rutabaga) p.p.m. at 2-wk. inter- 
Purple Top vals at the 6-9 leaf 

stage 
Brassica Rapa 1. As above for rutabaga 


(turnip) 
Purple Top 


Daucus Carota ] 20-100 wg./plant when 
Val sata b> roots were l cm. o1 
(carrots) larger in diameter 
Chatenay and 
Imperator 

Digitalis purpurea L. 100 ug./plant for 6 wks 
(foxglove ) it the 6-8 leaf st ig 

or 1000 p.p.m foliage 
spray 

Bellis perennts L (As above for foxglove) 
(English Daisy) 

Vatthiola incana 20-100 ug plant at the 
R. Br (stock) 6-8 leaf st ige or a 

foliage spray ol 
100 p.p.m 
Viola t icolo L, (As above for stock) 


(pansy ) 
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requirements for flowering, there are no 


examples in Which both the temperature 


and photoperiod requirements 10! flower- 


ing can be replaced with gibberellin 
Biennials which have flowered irrespec- 
tive ol daylength have done so relue- 
tantly and have either a facultative or 
ho long-day requirement Tables VII, 


XVII) 
exceptions of certain val 
carota L. (25, 50), Digitalis purpurea L 
(15, 111), and Matthiola incana R. Bi 
(113), gibberellin effective 


Howe) ' ‘oOld-requirine hj yials« 
nowerimng In coid-requiring Dlennlals ONLY 


possible 


et] Daucus 


Furthermore, with the 


es oO! 


i\ iecelerat 


when (a) the photoperiodic requirement 


for flowering is satisfied, (b) Vv al 
maintained at temperatures slightly 
above those inductive for flowe1 orma- 
tion, (¢) they are treated after the cold 
requirement is partially satisfied or (d) 
the biennial characteristic is weak (25, 
37, 62, 63, 100, 102, 111, 1384, 169, 177 
189, 190, 192). 

Many cold-requiring biennials are also 
obligate long-day plants, and while gib- 
berellin will completely or, more often, 
partially replace the temperature re- 
quirement, it is unable to substitute for 
the photoperiodic requirement (37, 100, 
169). With truly biennial sugar beet 


varieties having a specific cold-require- 
ment for flowering, gibberellin has little 


effect on flowering unless (a) the plants 


are simultaneously — 01 subsequently 
grown 1n long days, (b) te mperatures are 
maintained within 2 to 3° C. of those 


inductive, and (c) repeated 


‘ig. 8) 


normally 


doses of gibberellin are apphed (F 


Extensive stem elongation also precedes 


flower formation. Most cold-requiring 
biennials of economic importance (192) 
as Well as wild species of Phacelia (64) 
follow the pattern of the sugar beet in 


response to cibberellin 


Though the limits of effectiveness of 
gibberellin in accelerating flowering are 


narrow for most biennial crops, and in- 


stances of poor seed-set have been re- 


ported (50, 102), its utilization in com- 
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mercial greenhouse flower production, in 


up 
rogulng 


speeding Variety lmprovement pro- 


in of plants susceptible 


VTUls, 


to bolting, seed production Ci 
9). There 


bberellin effeet 


ana mn in 


visaged (Fig is no evi- 


bye en 


ol a transmitted 


21 


gibberellin- 
| 


peen 


arvested trom a 


Suc! seeds have 


 & 
ts of gibberellin on the fi 


ind an 18-hour (C and D 


which was close to that inducti 
plants in B and D Sp ived 4 time 
\ ind ¢ 
tember 17 
D flowering 30 days in 
No flowering occurred in 


After Snyder and Wittwer 


consisted of controls a 
1957, and plants photogray 
Teh 
\ 


3. witl 


f B 
ind D 


ince 
ind ¢ 
169 

normal seedlings 


Viable and produced 


(25, 50, 62, 190, 193) 
Long-Day Plants 
The gibberellin-induced 


flowering 


report ol 
the 


Was followed closely by 


In biennial, H yoscyamus 


niger. equally 
significant communications on long-day 
plants, the first by Biinsow and Harder 
(30). Gnibberellin applied plants 


to 


iowermg ol 


photoperiod 


BOTANY 


grown 1n short photoperiods ACC l¢ rated 


flowering in those having a facultative 
long-day requirement and induced flow- 
ering in many having obligate long-day 
requirements (27, 31, 32, 71, 101, 102, 
104, 109, 111, 118, 119, 123, 127, 192, 
193, 198). Several winter annuals have 


been included among the long-day plants 


grown under a ‘ 


ar. [ 100) 


Plants maintained at a 


Ssugal beets \ s 
tempera- 
ombined with long days 
inte 1000 
9- and 18-hour photoperiods, res} 
hed January 24, 1958S of 


ot 4 


for flowering if 


f-wee k 


Ve 


s at rvals with solution 


p.pm 
ectively. Seed 
Order flowering Was 
tely 60 days in 
4] 


ind C flowering approxima 


xtensive stem elongation preceded flowering in 


responding by earlier flowering to gib- 
71, 104, 198, 198). Other 
winter annuals have shown no 


(102, 122) 


With many facultative long-day plants 


berellin (27, 


response 


gibberellin significantly accelerates flow- 
ering and stem elongation not only when 
but also under 
The most pro- 
however, 


they are grown in short 
long days (Table VIIT). 
differences 


nounced were, 


rs OF GIBBERELLIN ON ECONOMIC CROPS 


TABLE VIII 


MopiryiInGc Errects or Fortar Sprays OF GIBBERELLIN ON THE PHOTOPERIODIC RESPONSES Of} 


SEVERAL Facuritative Lone-Day PLANTS ArreR WitTWer ANpD BuKovac 198 


18-hour 
Crubbe re 


LOO 1000 


eentaurea 
Cyanus Double 

B SSUCOL PERTHENSE Ruy 
Chinese « ibbage ) 
Michihli 

Brassica juncea Coss 
mustard) 
Tendergreen * 


* Flowering in significant 


under the short photoperiod. The ac- fee f gibberellin on flowering 
celeration of flowering under both day- more pronounced than those of t 


lengths was generally proportional to ture, photoperiod or seed vernal 


the amount (concentration) of gibberel- (Fig. 10). All 


oibbe rellin-treates 


lin and the frequency Ol its application flowered (with 
With Great Lakes head lettuce, a fac- 


ua singel exception ) irre- 
spective { the environmental conditions 
ultative long-day winter annual, the ef- imposed (27) 


TABLE IX 


MopiryinGc Errects or Fortar Sprays oF GIBBERELLIN ON THE PHOTOPERIODIC RESPONSES 


SEVERAL Osticate LonG-Day PLANTS Arter Wittwer aNnp BukKovac (198 


9-hour photoperiod 18-hour 


Plant Gibbere}lin Gibberellin 


0 100 100 L000 


Da 
No 


flowering 

Bloomsdale 
"“chortm End l No 

endive) flowering 
Batavian 
‘hrysanthemum coccine No 

Willd flowering 
Pyrethrum 
Chrysanthemum Parthen No No 

Pers 


Feverfew 


( 


flowering flowering 


* Flowering in significantly fewer days than contro 


rs OF 


GIBBERELLIN 


ON ECONONMIE CROPS 


TABLE X 


FLOWERING OF 
IN VEGETATIVE VIGOR 
WITTWER 


KrrecT OF GIBBERELLIN ON 


DIFFERIN( ANI 


Davs to 


inthesis 


Tom to variety ; 


Dix 

Puck 

Michig Hvbrid 
More Hybrid 


Dwarf Champion 


in-Ohio 


ton 


Rutgers 


Means 


r** Differences 


stem elongation, but not 


ring, 1n obligate long-day piants 
inder short days can be induced by 
efiect 


flowering has, 


berellin son on both stem 


elongation and nowever, 


detected unde 
(Table IX) 
ering in the absence of prior stem elonga- 
(198) as an 


been long photoperiod 


Gibberellin-induced tiow- 
tion has been observed 
to the that 
elongation always precedes gibberellin- 
induced 


CX- 


ception rule extensive stem 


flowering in biennials, winter 


annuals and long-day plants grown 


under non-inductive environments 


From reports thus far, it appears that 


and 


rosette 


flowering 
promotes (the 
is broken) in most all facultative long- 
day plants (192) and in some long-day 
short-day plants (30), but the breaking 


cibberellin aecelerates 


stem elongation 


of the rosette in many obligate long-day 
plants may not be followed by flowering 


ae 
hiennials; A 
D—Lilae Lavender 
celerates flowering in cabbage 
while 


Stocks 


and celery 


flowering in some varieties of carrots and 


in advance and over a wide range of 


MIGHT 


9 (Opposite). Effects of weekly applications of gibberellin on stem elongation of 
Ferrv’s Round Dutch cabbage. B 
Control plants on left 
if grown at temperatures close to 
stocks flowering may be 
temperatures 


Has 


FLOWERIN¢ 


AND TEUBNER (26 


(118, 119, 


t10on 1n 


169, 198 


SOT 


obligate 


continues only 
regularly 


secondary 


applied 


and tertiary 


tinued, 
rosettes 
It is of specla 


been indi 


appeal 


flowering has 


ennials and long-day 


only the 


hu ih urol, 


gibbe re llins 


but by extr: taining 
substances similar to gibberellin 


lrom 
developing flowers or see 


“ast 


three widely different species of 


plants (33, 108, 125) As 


lin-induced flower formation in 


Nighnel 
With oibhe re |- 
biennials 
important agricultural uses may develop 
in the utilization of controlled flowering 
of long-day plants grown during winter 
the (109, 111, 


190), and in eccelerating flowering 


in greenhouses in nort! 
113, 
and maturity of seed crops in the west 


(72). 


several 
Cornell 19 celerv, C—Chantenav car 
gibberellin treated on right 


and 
Gibberellin ac- 
inductive for 


those 


induced several months 


EFFECTS OF GIBBERELLIN 


Short-Day Plants 


Flows rng in seve ral plants having an 


obligate short-day requirement grown 
unde long days has not been induced 
(101, 102, 118, 198) 
acceleration of flowering has been 
(198) ( 


facultative 


with gibberellin 
Sole 
re corded 


C 


1o! OSMOS bipinnatus 


av., a short-day plan 
grown under long days, but most Cosmos 
plants in such tests eventually flowered 
if maintained indefinitely under a long 
No other 


berellin-accelerated 


photoperiod ol ojb- 


Instance 


flowering of short- 
day plants grown in long days has been 
observed 
Th 
; 


ral 


flowering response, nowever, of 


unde) 
With 


i 


short-day plants crown 


has been increased 


Chi 


differing in short-day 


short days 


Varieties of ysanthemum mor 


Ramat require- 
ment, applications of gibberellin during 
the third to seventh week of short days 
accelerated flowering by 3 to 12 d 
35 110, 178). 

size and stage of development Ol staim- 


(35, 
nate 


avs 
36, Measurements of 


inflorescences at specified times 


Xan- 


have shown 


following short-day induction in 
thium pe nsylvanicum Wall 


Y-hour pl 


an increase in flowering response (108) 


Suoilarly gibberellin can substitute for 
additional photoinductive cycles in pro- 
moting reproductive development of 
Nanthium plants induced to flower by a 
single long night and subsequently grown 
under long days (66). Quite by con- 
trast, reatly retarded but 
did not completely inhibit flowering of 
Blossfeldiana Poellnitz. 
induced to flower by exposure to short 
days (69, 70, 70a). The effects of gib- 


berellin formation 


gibberellin g 


Kalanchoe v 


on flower In many 


other facultative and obligate short-day 


talk 


tem pe 


Fig. 10 (Opposite) ind seeks 


influenced by gibberellin 


Flowering 
seed vernalization 
B 
seed vernalized plus gibberellin 


nalized and no gibberellin; vernalized 


DD 


Plants within each (A, B, C, D) group from left t 


C 
and 18-hour photope riod 


18-hour pl 
Bukoy 


and 
After 


and 9-hour photoperiod; 10-13 
18-21° C 


between 


ind no g 
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CROPS 


plants s well as short-eda 
pla , a ell a ort-da 


species grown under inductive 


«i non-Inductive long days 


means been resolved and Interesting 


lationships will vet be establishe 


Day-Neutral Plants 


Flowering has been erated ll 


icce 


soni species and retarded in others 
having 
(26, 1: 
alWays 


defined 
\ 


no specific day-length 
32, 132a, 159, 190 


$2 
flowering 


require- 


ment 197), and 


hot responses 


In 


ies differing 


ele arl 


20 


Ves 


\ a aetaried study ol 


tomato variet greatly in 


retative growth and flowering behav- 
(26), 


ilted 


10) treatment with gibberellin re- 


S| In a consistent ast node 


In 
numbers preceding the first inflorescences 
rABLI 


CVIBB REI 


XI 


Or LIN ON THE COMPOSITION OF 


LEVELS ON THE NUMBER OF STAMINATI 


PIstIL- 
, I 


AND SMR-12 


LOWERS PRECEDING THE First 


FLOWER IN C 
BURPEF 


LATH 


Hyprip 
rreatment 
oTrope riod 


Hybrid 


tvpe 


Burpes 
icing 
Low nitrogen 
High nitrogen 
SMR-12 (pickling 
Low nit ogen 
High nit 


18-hour photope riod 
Hybrid 


nitt 


eucumbe 


tv} 


rogen 


Burpes 
Low 
High 

SMR-12 
| ow nit 
High nitrogen 


ogen 
nit 


oge! 


rogen 


* Least differences necessat 
inv two values 
124 and 168, ré 


tJ 
rature and photoperiod 


ibberellin; C 


Grea ikes 
\ 


vernalized 


development in plants ; 


is 


controls, not ver- 


not gibberellin ; 


t were grown follows 


Cc 


o right 
iotoperiod; 18-21 


ind Wittwer 


is 


ind 9-hour photoperiod: 
“ 27) 
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ise in flower numbers (Tabl s 


iba adecres 
acceler- ( 
pt 


measured 


(;rowt! however, W =O 


as 


at as a result the treated ints } 


arl by ( 
The 


flowering 1 


vy towered ¢ 


as 


from seeding acceleration ot | 


oTowt! and nay con- ( 


In th 


be utllzZ 


| gibbe re llin on 


treated) : 


flower 


control (not 


buds first 


White gerani 


pled wh o open and show 


production ol early outdoor tomato 


varieties having determinate growth 


habits (Figs. 1 and 15). 


Monoecious Plants 


The flowering behavior of both slicing 
and pickling types ol (C‘ucumis sativus 


L. and of Zea Mays L 


ment gibberellin 


it 


following treat- 


with has been ob- 


‘ucumbers 


commercial Ci 


right, a foliar spray of 10 p.p.a 


SOTANY 


Gibberellin consistently In- 


erved 


reased the number of staminate flowers 


receding the first pistillate flower, in 
(Table XI) The 
marallel those of long days and 


tl 


etiects 


low ni- 


rogen levels in root media. Chermi- 


il regulation o flowering, 


ol 
of gibhe rellin 
ind Wittwer (112) 


development and lasting quality spartan 


AaD- 
} 


After ay ndstrom 


ed color 


and of subsequent Irulting behavior first 


noted by the Japanese (203), is currently 


being studied for expediting mechanical 
of pickling-type cucumbers 
desirable. By 
in (Z. Mays 
rugosa Bonaf.) and inbred lines of field 
corn (Z. Mays indentata Bailey), sprays 
of gibberellin applied at critical stages of 


harvesting 
set not 


both 


crown ls 


sweet 


where 


contrast, corn 


EFFECTS OF 


plant development have — suppressed 


t 


and resulted in 


letely sterile tassels 


microgamecogensis par- 


(144, 


commercial possibilities for 


tially o 
197) Thi 
gibberellin-induced male sterility in in- 
used in hvybridiza- 


bred strains ot corn 


tion await further study 


Other Effects on Flowering 
Nor 


large! 


flowers, earlier flowers and 


flowers have been reported on a 


potted nhouse- 
110, 111, 112, 
Truly remark- 
(Fig. 11) 
hor- 


ny- 


wide variety ol 
grown species (48. 93. 109 
135, 156, 157, 165, 178) 

able increases in flower size 


occu 


and gr 


with geranium (Pelargonium 
(48, 110, 112)) 
drangea (fH macrophylla eer., H. arbo- 
grandiflora Rehd. (135, 178)). 


and out of season production is a possi- 


forum Bailey and 


rescens L . 


bility with ¢ yclamen indicum (93) 


Promocdon of greater uniformity in 


flower-opening with the coffee tree (Cof- 
fea arabica ..) 


appears a reality (3a) 


which in turn should greatly reduce 


labor costs for harvesting and result in 


a product of uniform maturity and of 


high quality. Uniform opening of flow- 
ers in coffee may also be induced by ex- 
(188), but 
The 
results with coffee in the tropics suggest 
that 


ducted with blueberries (Vaccinium cor- 


posure to low temperatures 


this is not feasible in the tropics 


similar research should be = con- 


ymbosum Ff s red cherries (Py uUnNUS Ce- 


rasus L.) and perhaps other fruits in 


temperate climates where uneven flow- 


ering results in a spread of maturity that 
increases the cost of harvest and lowers 


the quality of the product 


FRUIT SETTING AND FRUIT 
DEVELOPMENT 
Tomato. Promotion of fruit-setting 


and of growth in the absence of pollina- 
tion with gibberellin was first reported 
by Wittwer et al. (191) for the tomato. 
In the meantime, studies on fruit-setting 
the 


fruit-development of 


and tomato 


GIBBERELLIN ON 


tho 


ECONOMIC CROPS 


have been extended tO many Varieties 


and under diverse environments wWitl 


results (81, 85, 114 


similar 
190): (a) 


essent lally 
151, 159, 


tive 


ibberellin is effee- 


over a wider range of concentrations 
than any other known growth substance. 


(b) final fruit size and general 


appear- 
ance are interior to that resulting trom 
normal pollination or Trom many ot the 
auxin-tvype chemicals (Table XII), un- 


less gibberellin is used as a supplement 


to normal pollination or combined wit 


other growth substances such as 4-chloro- 


phenoxyacetie acid, and (¢) 


, 
stimulatory eflect trom durect applica- 


tions to the growing Results 


fruit 
similar to those for the tomato havi 


been observed on cucumbe ro. 


Ve lonae na 


eggplant 


] 
(Solanum ¥ ) ana peppers 
I 


(¢ GpDstcion trote SCEeNS F } 
during 


\ppheation Ol gibberellin 


flower development of greenhouse-grown 
tomatoes frequently resulted in abnor- 
mally ( longated styles that extel ce | be- 
Marked elonga- 


tion of pedicles and peduneles and en- 


yond the stamen cone 
largement of been 
(200) 


been observed for tobaeco (49) 


sepals have also 


common Similar results have 


TABLE XII 
EFFECTIVENESS OF 
AcID 

AcID ON THI 


RELATIV! )-(CH LOROPHE NOX Y- 


ACETI GIBBERELLIN As AND 3-INDOLE- 


ACETIC STIMULATION Of 


MICHIGAN- 


PARTHENOCARPY IN 
Min 
Onto Hysrip) 


(Fruit Dr- 
\FTER 


AMETERS 6 Days 


TREATING) 


Molar concentration 
Compound 
3x 10 3x10° 3x10 


Percent of non-po ¢ 
-Chlorophenoxy- 117 228 231 
wel reid 
Gibberellin A 141 159 166 
3-Indoleacetic acid 110 155 207 
Pollinated control 172 


ECONOMIC 


Some of the most dramatic 


Grapes. 


and immediately useful effects 


; 


ol gib- 


berellin in crop production may be with 


ipes 


seedless ty} (Vitis vinifera L.) or: 


Black 
California re- 


Agricul- 


Ol the Thompson Seedless and 


Corinth vaneties Two 


search groups, one at the State 


A B 
Fic. 12 


) ) , 
or 20 } 


Black Corint} 


D Control, A 


5 p.p.m. are larger than girdled but unsprayed berries, but thos 


d Julv 30, 1957 Photograph 


Davis 


Photographe 
sitv of California at 
tural Experiment Station in Davis di- 
rected by Weaver (184, 185, 186, 187), 
the other at the Los Angeles Arboretum 
(172, 173, 174), 


ported that gibberellin sprays, OI a wide 


under Stewart have re- 


range in concentration, apphed at bloom 


or shortly thereafter result in greatly 


increased berry set and size and promote 
Results 


the formation of looser clusters. 


grapes 59 days after being sp 
and girdled but unspr 


BOTANY 

with gibberellin on seedless grapes have 
excel- 
than 


exceeded all expectations in that 
berries much larger 


lent sets Oo 


L 


those from girdled vines or from spray- 


$-chloro- 


ache ved: 


ing the flower clusters with 


phenoxyacetic acid have been 


and this has been coupled with no loss 
| 


c D 


gibberellic 


May 31 wid at 5 
Be 


spraved at 


ly J 


ived on 
raved with regulator 
20 p.p.m 


We 


ived 


ire lat a 


and legend, courtes\ iver, Univer- 


to 2 


11, 
thus resulting in no unde- 


of quality and with pedicels 


times as long, 
sirable cluster compactness regardless of 
increased berry size. Proper timing of 
appropriate spray-dosages enables a re- 
alization of all favorable responses (Fig. 
12). The 


visaged for the 


advantages en- 
of gibberellin 


seedless grapes include the (a) increased 


practical 


EFFECTS OF 


tonnage per acre resulting from increased 


set and size of clusters and berries (b) 


girdling and 
cluster-thinning expenses, and (c) loose 


bette 


appreciable savings in 


facilitating 
making possible 


clusters pest-control, 
a higher quality fruit 
Though seeded berries respond much 
than seedless 
effects have been 
(186, 187), and lim- 


ited observations (105) suggest that gib- 


less to gibberellin varie- 


ties, some favorable 


noted in California 


berellin may also prove useful on east- 
(Vitis Pre- 
bloom sprays tend to elongate the cluster 
parts. <A (1000 
p.p.m.) at effective 


ern grapes labrusca L Pia 


high concentration 
full 


agent 


bloom is an 


thinning Flowering has been 


hastened in some varieties. Spraying at 
full bloom and at berry set has resulted 
longer berries, ad- 


total 


In greater Irult set, 


higher solids 


(187) 


Vanes coloration, 


and looser clusters 


Deciduous Fruits and Citrus 


Bartlett Pears (Pyrus communis L.). 
Attractive fruit-set in Ore- 
gon have been reported (16) for Bartlett 


increases 1n 


pears sprayed at full bloom with greatly 
gibberellin, 
and these differences persisted till the 
harvested Harvested fruits 
were of normal size, but those from gib- 


varying concentrations of 


crop Was 
he rellin-sprayed trees developed a fleshy 
The ab- 
normality, however, Was not objection- 
able 

Calimyrna Figs (Ficus carica L.). Gib- 
berellin induced 95 to 100% par- 
thenocarpic fruit-set and development 
and fruits matured a week earlier (45). 
As with and 
Bartlett a wide range of concen- 
trations proved effective when the chem- 


protuberance at the calyx end 


has 


tomatoes, seedless grapes, 


pears 


ical was applied at the time that polhi- 
nation (caprification) and fruit setting 
normally occurred. If low (below 25 


p:p.m.) concentrations of gibberellin 


prove effective for inducing partheno- 


carpy, and they very well could, without 


GIBBERELLIN 


ON ECONOMIC CROPS 


breaking the rest period oO! terminal 
buds, gibberellin may be of conside rable 


benefit to the 
Apricot 


Calimyrna fig industry 
(Prunus {rmeniaca .) \ 
markedly 


growth in fruit diameter of apricots has 


temporary but ulated 
been reported following a single applica- 
tion of gibberellin at th 
(46) 
Was, 


beginning ol 


pit hardening The iccelerated 


fruit growth rate however, followed 


by ‘ period ol ce pressed orowt With the 
final result that the 


fruit matu i week 


and with no effect or 


It would be Ol 


later 
interest 

eflects of repeated applieati 

turity and final fruit siz 

Citrus. Significant 

t of limes (Citrus aurentifo 

lemons (Citrus L Bu 

tine mandarin (Citrus deliciésa } gle) 


(¢ trus 


mon 


and navel oranges sinensis QOs- 


beck) have resulted spraying the 


1000 


Irom 
with 250 to 
169a) 


flowers or small fruit 


p.p.m ol cibberellin (77, 
Increases Were 
fruit size, 
quality or color 
fected 


] 


treated 


associated wit 
final nutritional 

Maturity was n¢ 
Fruit resulting from gibberellin- 
flowers produced navel oranges 


having slightly better color, thinner 


rinds, and a highe r percentage ol abor- 


tive seeds. Gibberellin applied to nearly 
rind 


increased 


reduced 
and 
Vitamin C 
All such 


noted on 


mature navel oranges 
coloration 
and the 


centration in the juice (40a) 


thickness and 


juice content con- 


modifications of fruit quality 


navel oranges would be notably bene- 


ficial for lemons. 
Cotton. A _ striking 


(Gossyprum hirsutum L.) boll 


effect in cotton 
retention 
studies has been reported from Califor- 
nia (181, 182). The application of 0.25 
ml. of a 1 to 100 p.p.m. solution of gib- 
berellin to flowers in anthesis or to one- 
and two-day-old bolls negated or re- 
duced and 
Gibberellin also broke 
and 


flower abscission boll shed- 


ding. “eut-out”’ 


dormancy prevented plants from 


ECONOMIC 


voing into cut-out (Cut-out dormancy 


In cotton is a cessation ol vegetative and 


fruiting bud development apparently 


eaused bv the load ot developing lruit 


preventing further fruiting and vegeta- 
some of the fruit-load 
Weights ot the 
, ert ' 1] 
additional bolls set by vibberellin were 


entire 


tive growth until 


matures or is removed ) 


fiber length was 


less, but 
application Ol oibberellin to 


In contrast to direct treatment ol 


the young bolls, 
tly increased yields o1 


li seed properties (6, os. 


Other Crops 


tests 


limited 
(Prunus 


davs before har- 


Preliminary 


(1) the 


very 
Lambert 
sprayed 22 


10 or 100 


the fruit to be 


with 
am L.) 


vest with 


cherry 


p.p.m. of gibberellin 


showed much more 
sistant to cracking 
Fruit 


In strawberry 


enhanced 
spp i... 


In elongation 


setting has not been 
(Fraqgaria 
although a marked increas« 
of inflorescences, petioles, peduncles and 
(167). 


Chandler (38) suggests that gibberel- 


crown has been observed 


lin through its promotion of pollen tube 


growth, in some species, may be useful 


in stimulating fruit set and seed pro- 


aquction where certain types Of incom- 


patibilities related 


vent 


to tube growth pre- 


fertilization before flower abscis- 


S10n 
DORMANCY 
Potato Tubers. 


“oreen” potato (Solanum tuberosum L.) 


Dormancy in new or 


tubers may be shortened appreciably by 
field 


one- to 


gibberellin. Recent 
(129) 
two-minute dip in a solution containing 
1.0 p.p.m 
semi-dormant 
what weaker solutions (0.5 to 0.25 p.p.m.) 
old These 


centrations are considerably below those 


treating with 


suggest a 


observat ions 


of gibberellin for dormant or 


seed pieces, while some- 


are effective on seed con- 


BOTANY 


used in some of the initial studies with 
gibberellin for breaking dormaney and 
inducing ) 
(ll3a, 160, 161, 162) 


uniiorm sprouting with hastening of crop 


sprout) growth in potatoes 


Karher and mor 
maturity has resulted from treatment of 
as Well as dormant tubers 
(Fig 


could become 


non-dormant 


Promotion of uniform sprouting 


13) and earlier « mergence 
objectives Using oibhe rel- 


Important 1o1 


lin In commercial 


“Lateral 


potato production 


buds” on gibbere llin-treated 


seed pieces trom the basal portions of 


the tubers grow as rapidly as the “ter- 


Ni ed ra | 
extreme ly 
difficult 


minal buds” on the apieal end 
quantities of gibberellin are 
small, and 


The 


duction of 


treatnent is not 


effectiveness of gibbe 


sprouting and systemic 


properties in treated plants are revealed 


by the fact that 


vines sprayed during 


tuber maturation produce a 
that ire 
sprouting at (l1l3a, 200) 


Asparagus. “Positional” bud dormaney 


centage ol potatoes 


harvest 
broken in 


may also be 


officionalis F ) 


asparagus (A 
rhizomes. Application ol 


large zibberellin to the 


stubs ot 


quantities Ol 


the first-cut spears promotes 
more rapid growth and higher vields of 
spears Irom 


buds (149). 


subsequently developing 


Seeds 


Light- or temperature-conditioned dor- 


mancy in many seeds or parts of 


ger- 
may be with 
With the tree peony (Pae- 


minating seeds broken 
gcibberellin 
ona suffruticosa Haw.), gibberellin § re- 
placed the need for low temperature pre- 
treatment for the production of green 
(11) It 
which has been found to break epicoty] 
this Similarly, 
dormancy in both primary and second- 
ary (Uniola latifolia 


Machx.) may be broken with gibberellin, 


shoots is the only chemical 


dormancy in species. 


seed of wild oats 
and it 


tested which 


is the only chemical thus fat 


is effective The effect of 


EFFECTS OF 


Fie, 13 
treated with gibberellin 


GIBBERELLIN ON 


The effects of gibberellin on sprouting in Katahdin potatoes 


Ke ONOMK 


CROPS 23: 


Left 


control; right 


Note more uniform and rapid development of sprouts in treated tubers, 


resulting in earlier and more uniform crop emergence 


gibberellin on dormancy of wild oats 
may be an indirect means for its eradi- 
eation in a single season (75). Newly 


harvested sorghum (S. 
Boerl.), sudan 
Hitehe.) and 


halepense 


Pers., 


(Sorghum 


vulgare 
saccharatum 


vulgare sudane nse John- 


songrass (Sorghum Pers.) 


exhibit 
mancy. 


seeds varying degrees of dor- 
Gibberellin applied as a dust 
or slurry (!4 to 4% grams per 100 pounds 
of seed) has increased germination and 
improved stands (84). Old or stored 
cotton and cantaloupe seeds have been 


partially revitalized (84, 86).  Germi- 


ECONOMIC 


rABLI 
ORNAMENTAI 


100 p.p 


W oopy 


13 Weekiy APPLICATIONS 


INITIATED IN THE SPRIN( 


Annual res 


SUCCESSIV ¢ 


flusl 


1 1es of 


growtl te 


ythia (Vahl 
Arnold Dwart 


; nbera 
j 


nson Pygmy 
nation Ol seeds 
(L.) Heynh and A 


Blossfeldiana 


ol 


{rab dOps S thal ana 
(94), 


Grand 


a Fries 
(34), 


and a wild 


sUwecn 


Kala chor 
lettues (SS) 


lettuces 


) 4 
Rapids 


; 


(Lactuca scariola L. (117)) is promoted 


by red or a specific photoperiod 


helt 
Cribbs rellin can elthel replace or par- 
, 


substitute for the hght require- 


tially 


ment tor germination n these seeds 


The e 


lowe red 


ritical daylength lor germination 


and the percent germination 


increased at all photope riods when seeds 
of A. Blossfeldiana 
berellin 

An 
nece ssarily 
may be in 
It is reported (142) 


thy at 


are treated with gib- 


unusual ust cibberellin, not 


seed dormancy 


the malting industry 


iat its addition to 


eeping watel promotes seedling 


i 


germination, saccharifying activity, and 


hastens malt production 


Woody Plants 


Dormaney and growth responses 


plants during summer mont! 


woody 


Tr} 


stored 


> 
Res} 


plants unstored or 


site onse ol Saint 
posi mn 1 oan 


Left 
} lants without gitobe re llin 
T) 


= : 
plants sp! 


ellin to right 


row ~ 


cond row 
tour 


50 pa 
$.D.A 


per plant ird row plants spraved 


tom row d four times wit! 
Dr. Nei tuart, U 


courtes\ 


legend 


\FTI 


2. 4. or 
plants sprayed twice with 10 p.p.m 


times 
Wm 


BOTANY 


XIII 
PLANTS TO CGIBBERELLIN 


Was 


FOLIAR SPRAYS OF 
WHEN 


AND WITTWER 


BEGIN NIN¢ (GROWTH 


135) 


M 
Rk McVey 


to gibt erellin 


OnSeS 


Delay 
setting ol 


rminal bud 


Inere ised 
number 
| 


eS 
1 


] ongetr 


internodes 


ol nov 


geibberellin 


by 


Waves 


may modified by in sev- 


eral \\ ith some species there 1s a 
succession ot growth flushes: with others. 
f +} { 


) if 


iL 


a delay in the setting erminal 


bud; 


longe! 


node numbers may increased 


vTrowth of} 


NIT) 


Wot vlyv 


formed, oO! 
(Table 


I many 


inte rnode s 


axillary buds stimulated 
The 


plants 


increased growth o 


following treatment with = gib- 


berellin is the result of a dir influence 


summer and autumn dormancy 


Miten the ¢ 


on 
ff gibberellin 


(4. 116. 136. 


i 
activated at 


ects ol parallel] 


146) 


tem- 


those of long days 


Growth may also be 


below those that are normal 
(116), and tl 
broken or the cold requirement 

(44. 45. 52, 178) The 
impheations afforded for ex- 
ol 


cold require- 


atures 


growth winter rest 


if 
hye | 
reatly reduced 


practical 
and seasons 


tending tiie boundaries 


production by reducing the 
flowering 


(Fig. 14) 


experimen- 


ment for normal growth and 


in many woody ornamentals 


and tree fruits await furthe 


tation 


ind gibber- 
T Op 
ml] 
Bot- 
and 


hvdrangea plants to cool storage 


6 weeks. respectively at4tod ¢ 
solution, 1 


with 10 p.p.m. solution, 1 ml. per plant 


solution, 1 ml. per 


Marvland 


m plant Photograph 


Beltsville 
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ECONOMIC 


OTHER RESPONSES 


additional responses to gib- 


som indirectly influencing 


lant behavior, have been noted Phe 


reve rsal Oot Virus inhibition ol vegetative 
r yellows in as- 


erowth induced by ast 


ters (Calliste phus chinensis Nees.). corn 


Fic. 15 
ar. Fireball) 
control row on right Photographed 
n Benton Harbor, Michigan. Gibberellin-tre 
less damage from early blight (Alt« 


{\ 
courtesy 


al 
narw solant) 


stunt in sweet corn (Zea Mays rugosa), 


and wound tumor in Crimson clove1 


(Trifolium imncarnatum 0. as well as 


Montmor- 
been 


ring spot and yellows on the 
rry (P. cerasus) 
(79, 131). In 
the virus destroyed, but 


encyv eh has ob- 
imstance Was 
the 


effects of the infections were partially 


served no 


dwarfing 


BOTANY 


oO! completely overconn 


nism of reversal of virus 


not been resolve d 
Miller 


relative 


(138). a special 


to virus vel- 


\< cording to 


use of gibberellin 


lows in the strawberry may be in stimu- 


growth that 


lating runne? produces run- 


Stimulating effects of gibberellin on the growth, flowering and fruiting of the tomato 
Plants in left row were spraved with 100 p.p.m. of gibberellin on June 4 and 14; 
| pt 


29 Lorentz farm 


the Fred 
and foliags 
197 


John Carew) July at 


larger Was greene! 


and Bukovac 


ated plants were 


After Wittwer 


ner tip plants free of all except the latent 
A virus. Apparently no part of the yel- 


lows virus complex is inactivated but 


some components of the active virus do 


not move into the runner tip plants as. 
last the divide. 
These observations, not 


been confirmed (87). 


stimulated cells 


as 


howeve ro have 


EFFECTS O}| 


Reports on early (Alfernaria 


solani Sorauer) of tomatoes are contra- 
dictory A significant decrease in one 
case (12) and no effect in another (47) 
have been reported Gibberellin may, 


however, have an indirect effect on early 
blight field 


treated 


damage of tomatoes unde 
(197). Apparently, 


stimulated to 


conditions 
plants are grow and re- 
piace the diseased foliage more rapidly 


and give the appearance of reduced in- 
(Fig. 15) 


conclusive 


rection Information is non- 
us to the effects of} cibberellin 
wilt (F 


Ot tomatoes (51 } 


on } uMSarluM lye opersict Sace.) 


Preliminary tests indicate that 


gib- 


by rellin-treated bean plants may no 


longer 


serve as functional hosts for 
spidet mites (Tetranychus telarius L.) 
(54), and that “in-the-row” or soil ap- 


plications Ol gibberellin might alter 
growth and reproduction of soil micro- 
flora (14, 128, 199a) 


coneerned with the 


Other studies 
effects of gibberellin 
on the herbicidal action of 2,4-D suggest 
that prior treatment of bean plants with 
mibberellin§ increases — the 
2,4-D 


multaneous treatment of 


absorption- 


transport rate of (8), while si- 


early 
spring results in no loss of the growth- 


grass 1n 
promoting properties of gibberellin but 
the herbidieal action of 2,4-D on broad- 
leafed negated 

CGibberellin completely counteracts the 
erowth-inhibiting effects of 2.3,5-triiodo- 
benzoic acid (4a) but only partially that 
induced by maleic hydrazide (23, 24) 
Greater susceptibility to 


weeds is largely (67) 


freezing has 
gibberellin-treated 
and it has been observed 
autumn-treated rye subsequently 
showed severe winter injury (200). 


been reported for 
celery (132a), 


that 


EFFECTS OF GIBBERELLIN ON 
PLANT COMPOSITION 
Studies of the effeets of gibberellin on 
plant 


composition have 


that 


accompanied 


some of those have dealt with 


growth, flowering and fruiting responses 
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(18, 43, 74, 76, 


In only a Tew 


141, 152, 177, 187, 195) 
instances have differences 
in mineral, organic constituents, and dry 
matter contents been (76, 


141, 149a, 177, 


total 


signineant 
195) In 


wert 


Kentucky 
decreased 


10-B cel- 


bluegrass sugars 
but this was not true of Utah 


XIV) 


been 


ery (Table 
It has 


Morgan and 
Mees (141) that protein content ol oib- 


reported Dy 


berellin-treated grass in Britain was 


reduced by one half to two percent, but 
this confirmed by 
Michigan (195) 

Both increases 


(74, 76, 187. 


Was not studies 1n 


(18. 76) 


and aecreases 


195) In total sugars have 


been reported depending upon the crop 
and the time of treatment Thus far, 
vields of sugar beets and sugarcane have 


not been significantly increased without 
reductions in 
43, 73, 152, 


possible, 


corresponding 
(40, 42, 
should he 


percent 


177) It 


howe ver, by 


=ucrose 
prope I 


timing of gibberellin treatments, that the 


TABLE XI\ 
EFFECT OF GIBBERELLIN ON THE COMPOSITION OF 
Poa pratensis I KeNntTucKY BLUE) AND 
Apium graveolens I Uran 10-B 


Arter Wirrwer, BuKOovac AND 


Grissy (195), AND Hetr- 


MAN, SELL, WITTWER 


aNp Bu Kovac (76 


Kentucky | h 10-B 
bluegrass elery 
Constituent 
Con- Gibber- Con- Gibber- 
trol ellin trol ellin 
Dry matter 228 21.9 17.5 22.8 
Percent of jy matter) 
Total sugars 8.65 6.09 4.00 5.29 
Nitrogen 3.60 3.52 5.06 5.65 
Potassium 3.2 3.0 : 
Phosphorus 0.36 0.37 0.64 0.54 
Calcium 0.50 0.50 2.05 279 
Magnesium 0.19 0.18 0.21 0.21 
Iron 0.0091 0.0084 0.0089 0.0075 
Manganese 0.0029 0.0028 0.0046 0.0041 
Zin 0.0025 0.0025 0.0041 0.0041 
Copper 0.0017 0.0017 0.0062 0.0036 
Boron 0.0012 0.0011 0.0060 0.0025 


ECONOMIC 


TABLI 


Pi 


EPICOTYLS OF 
rHE APPLICATION 


EM APEX AND 


Wirt 


CGabberellin 


ll times 


photosynthizing surface which 


oiten 
carbon dioxide the 
environ- 


fixation and result 
at 


ments, Of greate! 


In 


accumulation, least In some 


quantities Of sucrose 


in sugar-producing plants. This appears 


all he more likely in that the protein 


‘ontent of treated plants may also be 


(141). 
with 


reduced Results of some experi- 
and sugar 
(40, 43, 73, 152, 

the 


‘reases 1nN vields ol seedless grapes 


ments beets 
177). 


remarkable 


sugarcane 
look encouraging 
Strangely enough, in- 
are 
not accompanie d by significant decreases 
in soluble solids or other important com- 
(186, 187) 
tion of fruit setting and development in 
ther 
“ible 


changes in food value 


ponents Similarly, promo- 


crops aoes not appear t« 
induce — significant 
(16, 45, 4 


in treated 
be discusst d 


lnpall 
quality or 
6, 77) 

food 


to 


Chemical residues 


crops may well relative 


the effects of gibberellin on plant comMmpo- 


cibberellins, or substances 


the 


sition Since 


similar to gibberellins, have now 


been extracted from a large number of 


| picotyl growth responses 


\ 
periods of 6 


bottom) 


12 


centel ind 


ives 


results might be effective in greater 


TT 


10 MicROGRAMS OF 


rH 


AN 


to one 


24 and 


BOTANY 


X\ 


lu igaris I LAKE BEAN) 24, 48 


(]IBBERRELLIN A,, A 
AFTER 


AND 
BLapt 
8 


LEAR Bu Kova 


Db GAUR 


Cibberellin A 


x Le if blade 


ind 2.05, resp. 


on 


following ste 


economic species, It Inayv well bye t! 


all 
indistingulshabl 
(; 


cibberellins oeeur in Intact plants 


many of which ar 


identical 


ar 
with those 


ti ik uwrol 


produced by 


berella Crops treated with 


gibberellin and used as feed have 
effect 
pure 


id no 


on test animals (183), and. the 


chemical in dosages hiais 


Mass] VE 
resulted 
(150) 


In no pathological sVinptoms 


COMPARATIVE 
TIVENESS OI] 


BIOLOGIC Al 
rH 


EFRFEC- 
GIBBERELLINS 


The comparative biological activities 
ol 


methyl-ester 


ie various gibberellins and two 


derivatives have been 
studied relative to several crop responses 
(28, 29) 


elongation 


These have included epicoty! 
in the 
cumulations 


bean, dry Inatter ac- 


In 
flowering 


celery, stem elongation 
in lettuee and dill, and 
parthenocarpie fruit setting and devel- 
opment in The following 
of activity has been established: 
A; Ay As met 
methyl-ester As 


and 


tomatoes 
orde} 
Ax 
Ay 


ivl-ester 


Some of these 


48 hours 
the 


hours, 1 


plving 10 micrograms of gib- 
bean Left to 
established by 


leaves of the 


18 espectively removal 


ECONOMIC 


Fic. 17 
seedstalk elongation and flowering in Great 
treated), Ai, methyl ester of A;, As, As, 


Comparative 


effects of gibberellins A,, As, As 
Lakes 


and methyl ester of A 


BOTANY 


methyl esters of A, and As on 
Left to right: Control 
Ten microliters of 


and the 
lettuce 


head 


(not 


a 3-millimolar 


solution of each chemical applied 3 times to plant apices at 2-week intervals 


relationships are illustrated by Figures 
16 and 17. 

When equal amounts of gibberellins 
A,, Av and Ag are applied to the stem 


significant and 


apex of bean seedlings, 


comparable elongation occurs. By con- 
trast, gibberellins A; and Ag applied to 
one of the primary leaves of the bean 


produce significantly longer epicotyls 


rex 


A» (Fig. 16 and Table XV). This 
has suggested a limitation in absorption- 
gibberellin Ao. 


those studies directly “wssO- 


than 


transport of 

Excepting 
ciated with comparative biological eval- 
the their 
derivatives, all experiments far 
conducted with gibberellin and reviewed 


with As 


gibberellins, or 
thus 


uations of 


in this papel have been (gib- 
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rABLE XVI 
COMPARATIVE ACTIVITIES OF AUXIN, KINETIN AND GIBBERELLIN APPLIED TO INTAC *LANTS 
PROMOTES INutBITs, 0 No Errec SuicHt Errect No Data 
Responses \uxin Kineti Gibbereltlin Gibberelli ferences 
: or elongation Too numerous - 
Stem elongation Too numerous s 
Cell division 17. 60, 166 
Root growth or 0 1S, 20, 49a, 90, 163, 188 
Root formation 20, 21, 49a, 90 
Callus formation 0 SY 
Shoot formation 0 21 
Lateral bud growt} 20, 23, 44, 49. 68. 89. 90. 92 
126, 1324, 135, 179a, 200 
Leaf expansion 65, 79a, 92, 95, 96, 132, 132a 
152 
Leaf abscission 0 0 20, 99 
Leaf epinasty 0) 0 9 
Flow formation 
Dav neutral plants 0 ‘ 26, 132, 132a, 159, 190, 191 
197 
Biennial plants 0 0) 15, 25, 37. 50, 62. 63. 64. 100 
101, 102, 108, 111, 113, 134 
169, 177. 189. 190. 192 
Long-dav plants ) 0 27, 30, 31, 32, 71, 72, 101, 102 
103, 104, 109, 111, 118, 119 
123, 127, 192, 193, 198 
Short-day plants 0 ) ‘ or 0 35, 36. 66. 69. 70. 70a. 101 
102, 108, 110. 126. 178. 198 
Monoecious plants ) 0 ) 144, 197, 200, 203 
Flower size 0 , 48, 49, 110, 112, 135, 178 
Breaking of dormancy 0 11, 44, 45, 52, 68. 75. 84. 94 
113a, 116, 160, 162, 181, 182 
Seed germination Oo 34, 75, 88. 94. 117. 139. 142 
196 
Fruit setting 0 16, 45, 77, 151, 159, 169a, 172 
73, 174, 184, 185, 186, 187 
190, 191 
Overcoming dwarfism 
Genet 0 0 da, 18, 19, 22, 24, 56, 86, 153 
177, 191 
Physiologic 0 : 10 147 
Drv matter accumulation 0 3, 18, 24, 43, 61, 65, 73. 80 
106, 132a, 140, 141, 159, 177 
178, 180, 190, 194. 201 
Nonphotosynthetic growth 0 0 78 
of Le mna mino 
Vegetative growth 0 0 18, 42, SO, 178, 201 
in short days 
Vegetative growth 0 0 12, 43, 61, 80, 106, 116, 141 
at low temperature 194, 195 
\ plus or minus sign should not imply that these effects are found in all plants but that an 
effect has been observed; usually in a majority of the cases examined. Auxin and kinetin effects 
on cell and stem elongation, cell division, shoot formation, lateral bud growth and callus forma- 
tion are usually more pronounced on decapitated plants or excised plant parts where the native 
source 1s removed or limited. The frequent no effect or slight effect from kinetin may in some 
instances result from limited uptake since absorption and transport probably occur less readily 
than with auxin or gibberellin. Literature citations are given only for gibberellin, and in some 
instances for kinetin where the effects are not general or well known. The suggestions of Dr 
Anton Lang, Dept of Botany Univ. Calif it Los Angeles pertaming to certain aspects ol this 
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ss 
berellic acid), potassium gibberellate o 


a mixture of A; and A 


CONCLUSIONS 
The favorable modifications of plant 
behavior resulting from treatment with 
cibberellin may well exceed the antici- 
pation of those who have been most 


active in developing its potential agri- 
Yet. ho 
ultimate value at this time 


(Table XVIII), some al- 


advanced commercially, may 


cultural uses one is able to 


predict its 
Several uses 
, 


ready well 


place this unique group of native plant 


growth substances on a par with all, in- 


cluding the herbicides, that have evoived 


from the auxin group of plant growth- 


substances. This should follow if verss- 
tility of induced responses is any criterion 
(Tables XVI, XNVIT and XVIII) 

\ perusal of Tables XVI, XVII 
XVIII gibberellin has for 


many plant responses served as a majo! 


and 
suggests that 
the horti- 
the 


breakthrough 
the 


physiologists and perhaps even the plant 


scientific for 


culturists, agronomists, plant 


pathologists Only with this consider- 
ation in mind ean one evaluate gibberel- 
lin in terms of its future potentialities in 
means ol 


crop production It offers H 


controlling important responses hereto- 
fore, at least on intact plants, not easily 
These 


include elimination of dwarfism, reversal 


subject to chemical regulation 


ol virus stunting, elongation Ol stems, 


expansion oO! leaves, increased produc- 


tion of dry matter, acceleration of flower- 


ing in biennials and long-day annuals, 


promotion ol unliormity in growth, 


flowering and fruiting, increased flowe1 


size, control of fruit size and maturity, 


cold 


crowth 


reduction or replacement of and 


photope riodic requirements 10! 
and flowering, and promotion of normal 


growth rates at suboptimal temperature- 
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Caro-Red. a New Provitamin A Rich Tomato! 


The development and release of a new tomato variety 
which produces fruit containing approximately ten times 
the provitamin A content of common red tomatoes is 
announced. The beta-carotene values for Caro-Red are 


within the lower ranges reported for carrots. 


Present 


consumer usage of a variety such as Caro-Red will most 
likely be confined to use as a garden type where addi- 
tional variety and flavor are desired. 


AND | 


TOMES 


ersily Ag u 


Lafayett 


Perhaps the most widespread utiliza- 


tion of plant introductions has been by 
the pathologist or breeder intent on im- 
proving the disease resistance of various 
the 


many of the wild species hav: 


commercial crops In tomato, Ior 
example, 
resistance to 
(3), these 


continuing 1n a 


been used as sources of 


various tomato diseases and 


efforts are more sys- 
tematic search for additional sources of 


Do- 


which might be of | 


disease resistance 
tential value in tomato improvement 1) 
Surveys for other potentially useful ge- 
netic characters have been more limited, 
possibly because the goals or benefits to 
be achieved are less precisely defined or 
because the assay techniques are less 
obvious 

The work reported here is of added 
interest in that the original crosses, made 
with the goal of transterring disease re- 
sistance from the wild parent, resulted in 
When 
these were analyzed chemically, the po- 
tential 
ized; and a 
mine the genetic variability of the genus 


A content (5) 


certain aberrant pigment types 


value of the material was real- 


survey was made to deter- 
with regard to provitamin 
From thi 
1 Publ 
Purdue 


Station ilavette 


progeny of crosses between 


ished as Journal P. 1265 of the 
Agricultural 


Indiana 


iper no 


University Experiment 


W. QUACKENBUSH 


tural Experiment Station 


Indiana 


common red canning tomatoes, Lycope r- 
Mill., and the wild 
L. hirsutum Humb. and Bonpl., 
Lincoln et al. (5) and Kohler et al. (4) 
isolated a new pigment type which was 


sicon esculentum 


species, 


distinguished from common tomatoes by 
producing orange fruits in which most of 
the caroten produced was beta-carotene 
More recently pigment 
have been derived Irom other Lycope r- 


similar types 


sicon species by Mackinney et al. (7), 
and by Soost (9) 

The first genetic investigation of these 
and Porter indi- 
cated that strains which produced beta- 


types by Lincoln (6) 
carotene to the near exclusion of lyco- 
pene differed from a common red canning 
by a pigment-controlling 
factor B which lacked 
That this explanation was in- 


single, 


type 
genetic domi- 
nance 
adequate was first noted by Tomes et al 
(10) when it was found that certain se- 
lections which produced intermediate 
quantities of lycopene and beta-carotene 
bred true that 


found among the progenies of certain of 


and recombinants wert 


the high beta orange selections. Subse- 
(11) that B is a 
dominant gene and that the intermediate 
nature of the F,, as well as the F. distri- 


quent study showed 


bution, depends upon the interaction of 


the dominant gene B and a recessive 
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modifier m0, *. The highest level of pro- 
vitamin A is achieved when BB or BB’ 
are in the 
MOpmMog These genotypes produce fruits 
which have orange-colored flesh. Inter- 
mediate provitamin A levels are pro- 
duced when the two dominants B and 
mop, are found together in the genotype. 
In such plants the fruits are orange-red 
internally. With two 
loci, these intermediate types differ from 


combination with recessive 


respect. to these 
common red tomatoes by the single pig- 
ment-controlling factor B. 

The present paper reports the develop- 
ment and release of a new tomato variety 
which produces fruit containing approxi- 
mately ten times the provitamin A con- 
tent of common red tomatoes. This new 
variety is of the intermediate type de- 
scribed above. The external color of the 
fruit is orange, and in superficial appear- 
ance it the existing 
orange varieties such as Sunray or Jubi- 
The flesh color 

from existing 


resembles color of 


is orange-red, dif- 
To the 


lee. 


fering varieties. 


eye this internal color is intermediate be- 


tween the orange of Jubilee and the red 
of standard varieties. 
Red has been chosen as being descriptive 


The name Caro- 


of both the high carotene content and the 
carrot-like, orange-red color 

It should be noted that 
and orange-red beta-carotene producing 


the orange 
strains described above are entirely sepa- 
rate and distinet from the yellow and 
the tangerine orange types both geneti- 
cally and chemically (10). Neither the 
yellow nor the tangerine 
(tt) type (e.g., Jubilee) contains more 
provitamin A red 


(rr) orange 


than common toma- 


toes 
Derivation of Caro-Red 
The original cross involved the wild, 
green-fruited species Lycopersicon hir- 


2 The 


in place of the 


and used here 
I® and i® 


order to conform with the recently published 


svmbols mop mor are 


previously used in 


rules of nomenclature in tomato genetics (2) 


PROVITAMIN A 


RICH TOMATO 

sutum, P.1. 126445. The pedigree: in- 
cludes two early crosses involving the 
Indiana Baltimore and _ four 
involving Rutgers. The pedi- 
gree method of individual plant selection 
Was used throughout. stock 
is a bulk multiplication of two individual 
plant selections from the eighth selfed 
Be- 


cause of the parentage, Caro-Red most 


variety 


CTOSSCS 


The release 


generation following the last cross. 


nearly resembles Rutgers with the ex- 
of fruit The fruit is a 
deep globe of comparable size (figure 1), 
and the internal structure of the fruit is 
reasonably fleshy (figure 2). The vine 
is of standard length, but the foliage is 
somewhat lighter in density than that of 
In terms of maturity, Caro- 


ception color 


Rutgers. 


ted is of the same season as Rutgers. 


The Provitamin A Content of 
Caro-Red 


In a red tomato variety such as Rut- 
about 95 percent of the total caro- 
pigment found in the fruit is lyco- 
pene, the common red-tomato pigment. 
Much of the remaining pigment is beta- 
carotene, the precursor of vitamin A. In 


gers, 


tene 


Caro-Red the intermediate color is the 
different mixture of 
in which beta-earo- 


result of a these 
same two carotenes, 
tene predominates. In several determi- 
nations this past season, Caro-Red pro- 
duced an average total carotene content 
of 66.3 micrograms fresh 
weight, of which an average of 44.2 was 


beta-carotene. 


per gram 
Under comparable con- 
ditions, Rutgers produced slightly higher 
total carotene values (78.8 micrograms) 
but averaged only 5.3 micrograms of 
beta-carotene per gram. Over 
Caro-Red 

aged approximately ten times the pro- 
Vitamin A the red variety 
Rutgers. These beta-carotene values for 
Caro-Red are within the lower range re- 
ported for carrots 


a period 


of several seasons, has aver- 


content of 


(8), generally con- 
sidered an excellent source of provitamin 


A. On the basis of these data, a single 
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uit of Caro-Red would provide from 
a half to two times the 


mended daily vitamin A 


an adult. 


One and recom- 


allow ance lor 


Yield Comparisons 


The vield of marketable fruit from the 


variety Caro-Red has compared favor- 
ably with the yields of standard varieties 
trials at 


trial, 


in replicated yield Lafayette 


In an eight-replicat under the 


&’ 


Fic. 1. Mature 


ideal conditions of the 1956 season, Caro- 


Red averaged 28.6 tons of marketable 
fruit per acre, Rutgers averaged 26.1 
tons per acre, Short Stemmed Boone, 
28.3 and Purdue 1361, 24.5 tons (L.8.D 
at .05=2.6). In a six-replicate, 1957 
trial, under more normal conditions, 
Caro-Red averaged 13.3 tons per acre, 
Rutgers, 12.6, Purdue 1361, 14.6 and 


Urbana, 13.6 tons per acre (L.8.D. at .05 
2.4) 
Red produces yields comparable to but 


These results suggest that Caro- 


not significantly better than the variety 


fruit of Caro-Red on the 


BOTANY 


Rutgers and not grossly different from 


the other named varieties included in 


these trials 


Flavor Evaluation 


Caro-Red 


mato type both genetically and 


Sines represents 4 new to- 
chemi- 
cally, a critical flavor evaluation Was un- 
dertaken this past season. The trial was 
conducted by an impartial observer, Mr. 


Andrew Radkins, of the Department of 


vine 


Purdue Mr. 
Radkins’ primary interest in the project 


Psychology, University 
was in the technique of conducting and 
statistically analyzing tests of this type. 
for a 


The problem served as a vehicle 


graduate research problem in statistical 
design. 

The taste trial was conducted at the 
Indiana State Fair with over 3,000 indi- 
A special light- 
tight, air-conditioned booth was set up, 


viduals participating 


where color differences could be masked 


with the use of filtered light. Two gen- 


CARO-RED, A NEW 


eral types of trials were conducted: 1) 
difference tests and, 2) preference tests 


In color-masked, randomized, triangular 


difference tests, the subjects were asked 
to select the different sample in com- 
parisons Caro-Red and Rut- 
Caro-Red and Kokomo, and Caro- 
Red and Sunray. 


between 
gers, 
Preference tests were 
also conducted in color-masked and un- 
masked paired trials involving the same 
variety comparisons. 
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the Sunray data deviate significantly 
from the hypothesis of equal preference. 
Preferences for Caro-Red were somewhat 


masked 


tests involving Rutgers and Kokomo, in- 


less when color was not in the 


dicating a color preference for red. 


Potential Use of Caro-Red 
Since Caro-Red is a new tomato which 
differs from common varieties especially 
in color, it is not anticipated that Caro- 


Briefly stated the results were as fol- 
lows: Caro-Red has a distinct or differ- 
ent flavor. A_ statistically significant 
number of people selected the odd or 
different sample in tests involving all 
three of the included. Thus, 
the flavor is distinct from that of Ko- 
komo, Rutgers, or Sunray. In paired 
preference tests, 46.9% preferred the dis- 
tinct flavor of Caro-Red to Rutgers, 
45.9% preferred the new flavor to that of 
Kokomo, and 41.6% preferred the new 
flavor to that of Sunray. 


Varieties 


Of these, only 


Whole and sliced fruit of Caro-Red (left) and of Rutgers 


( right ) 


Red will find ready acceptance in com- 
mercial canning either as a juice or whole 
pack type. Color competition with the 
attractive red varieties may preclude 
this possibility. Work by Dr. N. W. 
Desrosier and Dr. G. R. Ammerman of 
the Food Technology section, Depart- 
ment of Horticulture, Purdue University, 
indicates that tomatoes of the Caro-Red 
type may have use possibilities in areas 
where preconceived color ideas do not 
rule out Their work indi- 
cates that Caro-Red and similar types 


acceptance. 
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make excellent oil-free salad dressings 
and that they might be used to advant- 
age in soups or as dressings or sauces 1n 
prepared foods. 

Present usage of a variety 
such as Caro-Red will most likely be 


confined to use as a garden type where 


consumer 


additional variety and flavor are desired. 
Orange types such as Jubilee and Sun- 
ray have found limited aceptance in this 
area. Caro-Red has the additional ad- 
vantage of high vitamin content. 


Summary 
Caro-Red is a new provitamin A rich 
tomato variety which is distinct from 
The 
external color of the fruit is orange, and 
in superficial appearance it resembles the 


commercial types presently grown. 


color of existing orange varieties such as 
Sunray or Jubilee. The flesh 
Caro-Red is orange-red, differing from 
existing The fruit 
approximately ten times as much beta- 
the variety Rutgers. The 
beta-carotene values reported for Caro- 


color of 
varieties. 


contains 


carotene as 


ted are within the lower range reported 


for carrots, generally considered an ex- 
cellent source of provitamin A. 
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The Natural History of Jojoba (Simmondsia 
chinensis) and Its Cultural Aspects 


Simmondsia chinensis is unique in many ways. 


Endemic to the 


Sonoran Desert of Mexico and the United States, its broad, per- 


sistent, heavy leaves are unlike any of its associates. 


Its large 


edible seeds contain about 50% oil, which is directly used as a 


cooking oil and as a hair oil. 
many industrial and medicinal uses. 


The oil has excellent qualities for 
Chemically it is a liquid wax 


and by hydrogenation is easily converted to a hard white wax. 
Jojoba’s singular characteristics as a desert shrub, however, present 
many problems facing its development as a cultivated plant. 
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Introduction 


Jojoba, the gray box bush, is a drought- 
resistant, long-lived, desert 
shrub bearing fruits like an acorn set in 


evergreen, 
sepals. Usually bushy, it may grow to 
three meters in stature or mature only as 
a low mound two to five decimeters tall, 
depending upon its environment (Figs. 1, 
2). The natural life span appears to be 
Agricultural Re- 
S. Department of Agriculture 


* Crops Research Division, 


search Service, U 


over 100 years and may exceed 200 
years. A stem of a wild shrub four to 
five centimeters in diameter shows over 


arid 
California, 


85 annual rings. This grew in the 
Matias Baja 
where a year May pass without rainfall. 
It is, 
tree In time; 
(Link) Schneid. in botany. 


Several 


San Pass of 
therefore, a shrub In spact and a 
Simmondsia chinensis 


writings have appeared on 
jojoba during the last 25 years announc- 
ing the presence of a liquid wax in the 
seed, its potential in industry, and the 
a cultivate 
(7,8, 10,12). More recently, Daugherty, 
Sineath, and Wastler (5) presented their 


possibilities of the shrub as 


survey of jojoba as a potential raw ma- 
terial source for industry. They fairly 
established an economic potential for the 
Because of informa- 


product limited 


tion, however, much of the real char- 
acter of the plant and its problems in 
cultivation have remained obscure. The 


following account presents in a brief or 
generalized way the writer’s study of the 
plant as a field subject together with his 
limited knowledge of the few 
to cultivate it. The are 
based primarily upon a field study from 
March to October 1957 upon 


attempts 
observations 


and less 


intensive periods of observation between 
1946 and the present. 
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Wild Jojoba 
The Natural Area. The 


of jojoba is shown in Fig 


natural area 
3 and com- 
prises approximately 100,000 square miles 
and 31° North and 
between longitudes 109° and 117° West. 
This area closely approximates that of 
the Sonoran Desert as defined by Shreve 


between latitudes 25 


x 
eis oi 
cond F' : . 


, , - 


Fic. 1 male 


A very large 


“trunk” is composed of many intertwined stems. 


(13). 
this area varies from a few individuals 
to 200 per acre. There are many small 
populations few to 
many acres and some extensive massive 


The population incidence within 


separate covering 
populations with millions of individual 
plants, 
Mountains of Arizona and upon the high 
desert plain of San Matias Pass in Baja 
California. In the Sonoran Desert jojoba 


as along the slopes of the Pinal 


plant of jojoba in the 
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2000 and 
It can be 
expected in the Sonoran Desert moun- 


occupies elevations between 


4000 feet, rarely going lower 


tains generally between these altitudes, 
but it is lacking over large extents of 
plains and valleys. In Baja California 
(Fig. 4). however, it occurs down to sea 


the oute 


along 


level coast, In an en- 


Calentura valley of Baja California. The 
The lower foliage has been browsed 
vironment outside the limits of the 


Sonoran Desert. This species extends as 
far south as the peninsular cape district, 
where it but does not enter, the 
Tropical Forest. Although 
jojoba has a wide ecologic range from 
sea level to 4000 feet altitude, its intoler- 
ances restrict it to specific habitats within 
The plants are completely 
ideally 


meets, 


Short-tree 


the region. 


lacking in areas which appear 


THE NATURAL 
suitable, as the open sandy table land 
between Cave Creek and Camp Creek in 
Arizona, and on the equable open slopes 
the 
same plant association occurs that char- 
acterizes its 


about Ramona, California, where 
miles 
therefore, defi- 
nitely selective of sites and the follow- 


environment a Tew 


southward Jojoba 1s, 


ing observations will further define its 


ecologic posit 10Nn. 
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Pliocene. It thrives on the deep alluvial 
arkosic sands of the California valleys 
It grows on the dune sands of the Cali- 
fornia coast near Socorro and probably 
6). There is a 


elsewhere (Fig. In- 


stance in Baja California of jojoba on 


rare 


heavy sandy clay derived from a por- 
phyritic rock and subject to perennial 


polygonal cracking. 


Generally, jojoba 


alkaline, 


soils are neutral to have an 


Fic. 2 


sp. and others near San Telmo, Baja California 


The Environment. Jojoba is usually 
restricted to well-drained, coarse, desert 
soils, as the sandy alluviumis and coarse 
atrital mixtures of gravels and clays de- 
rived from such 
granitics and voleanies (Fig. 5). 


materials as 
Such 


is also found 


igneous 


sites are well-aerated It 
on sedimentary formations composed of 
such materials, usually geologically 
the Diego Terrace, the 
Gila Conglomerate, and the Beaumont 


young, as San 


The low coastal form of jojoba growing with 


Agave shawn, Rosa minutifolia, Lycium 


abundance of phosphorus, and are 
ject to annual drying 


sub- 
This last appears 
to be a natural prerequisite, as it is gen- 
erally lacking upon the bottomland soils 
of clay and slit throughout its range. 
Such sites are also colder than the ad- 
jacent slope lands. 

Jojoba makes its best growth in areas 
having more than 12 
rain, 


inches of annual 
as around the northern and west- 


ern margins of the Sonoran Desert in 
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Fic. 3. The natural distribution of Simmondsia chinensis. 
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central Arizona, southern California, and 
northern Baja California. Its area of 


greatest dominance occupies the slopes 


and valleys of the mountains north and 
Phoenix, where rainfall is 
18 inches annually. 


east of 15 to 
Here it forms nearly 
pure stands over extensive rocky slopes 
(Fig. 7). Although it 
desert proper, where rainfall is less than 


occurs the 


5 inches annually, the plants appear 


1. The 
mondsua chinensis, Eriogonum fasciculatum, A 
limited there to sites having perennial 
run-off, as the sandy arroyo margins and 
alluvial fans at the mouths of canyons 
Compare the dry nearly leafless aspect 
with a companion leafy plant along the 
pavement with run-off water in 
Joshua Tree National Monument (Fig 
8). here averaged 4.3 
inches annually during the preceding 10 
years. 


edge 
Precipitation 
The slow-falling, deep penetrat- 


ing rains of winter and spring are much 
more lmportant to its survival than are 


HISTORY OF 


sandy clav hills near San Vicente 
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the hard quick convectional rains of 
summer which ordinarily moisten only 
the upper soil levels. Ten 
distributed October to April 


minimal 


inches we I] 


Irom ap- 


pears to be about for general 
seeding 

Jojoba, living in the bright desert sun, 
is a true heliophyte and tolerates the ex- 
treme daily fluctuations of temperature 


which commonly range through 30 or 40 


Baja Califorma, with a natural cover of Sim- 


catitornica 


and others 

degrees during the morning 
extremes of 110° to 115 
are usual during the summer. 
ture shrubs 


High daily 
F 9 shade read- 
Ma- 
are known to tolerate tem- 
peratures as low as 15° F. 
serious danlage. 


Ings, 


without 
Seedlings, however, are 
sensitive to light frosts of 3° or 4 
freezing and flowers are 


below 
reported to be 
destroyed by late frosts although they 
are hardy in the bud. High sun temper- 
atures on growing fruits cause sunburn 


and loss of seed (Fig. 9). The relatively 
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low winter temperatures synchronized 
with soil moisture build-up appear nat- 
ural for jojoba reproduction 

The natural plant communities grow- 


ing with jojoba provide further insight 


into environmental requirements In 
the Arizona uplands of the Sonoran 
Desert (ef. Shreve, 13), its common 


arborescent associates are Acacia gregqaqu, 


Cercidium microph yllum, C. torreyanum, 


Fic. 5 
kerchief : 


Jojoba on the coarse 


ind cap indicate the extent of the root 


Olneya tesota, Canotia holocantha, Car- 
negiea gigantea, Condalia lycioides, Ly- 
cium andersonn, Yucca and Opuntia spp 
In northwestern Sonora these same spe- 
cles are joined locally by Fouquieria 
sple ndens, Echinopte rys ¢ glandulosa, Jat- 
ropha cuneata, Atamisquea emarginata, 


and others with Yucca arizonica replac- 


ing the more northern species of that 
genus. Along arroyos and on broad al- 
luvial fans jojoba frequently grows 
closely with Prosopis juliflora, Celtis 


itrital soil near 


BOTANY 


pallida, Hypt s emoryl, and ot! er phrea- 
tophytes. However, it shuns the arroyo 
thickets 


Tamarix pe ntandra 


of Baccharis sarothroides and 


It is also generally 
lacking in the dry, broad, open, exten- 


sive stands of Larrea tridentata and 
Franseria deltoidea 
In coastal southern California its as- 


soclates lorm an open type of cover in 


the coastal sage brush association, typi- 


Yaqui Wells, southern California. The hand- 
svstem 

fied by Eriogonum fasciculatum, Arte- 
misia californica, Salvia apiana, Rhus 
ovata, Lotus scoparius, Opuntia spp., 


Yucca schidigera, and others. This same 
loose community continues into northern 
Baja California with Rhus laurina, R 
integrifolia, and Fraxinus dipetala be- 
coming conspicuous in frostless altitudes. 
On the coastal plains in a maritime com- 
munity jojoba is one of the principal 
with che nopodifolia, 


species Franseria 


Rosa minuttfolia, Agave shaw, Aesculus 


rHE NATURAI 
Lye 
and others (Fig. 2). 

In the 
Desert. 
thicket cover of the broad arroyvos, here 


» . . 
parry, um sp., Bergerocactus em- 


ory, 
in the 


Californias, as sonoran 


jojoba does not occur 1n he 
Hymenoclea pentalepis and 
It is also excluded from 


Arizona and Cali- 


formed by 
Pluchea sericea 
Chaparral in both 


fornia, although it may mingle wit 


strays of the Chaparral species, as with 


lic. 6 \ large fairy ring of jojoba 


Socorro, Baja California 


Penstemon antirrhinoides and Rhamnus 
crocea Apparently, it cannot tolerate 
the the 
more mature soils with higher rainfall 


closed communities occupying 
Its inability to compete in such cove 
excludes it from 
which appear optimal for its growth and 
The Chaparral lands 


large adjacent areas 


seed development. 
when cleared of competing brush, there- 
fore, constitute a land class prospect for 
cultivation of jojoba; such are the dry- 
farmed grain lands of the Californias 
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formed by 
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desert shrubs generally, the 


As with 


critical time for 


jojoba is during the 


seedling stage. Many years may pass 


without suitable conditions for germina- 


tion and still fewer are the years when 


follow on Toster 


| 


the tender seedlings The 


eonditions through to 


natural con- 


ditions limiting the distribution, there- 


1} 
lore, appes he those untavol 


ecesis lactors 


coastal sand dunes neat 


i male plant on the 


well understood for they could operate in 
any ol the 
burial, 
light 


stages involving 


incipient 
soil mineral 


situations, 


moisture and 


| 
seed 


nutrients, effects on 


temperature, plant-chewing predators, 


and so on. Were the seedling husbanded 


in cultivation, we could expect its es- 


tablishment in an ecologic area greater 
than its natural one. It appears fit for 


cultural trials from central California to 


Florida on well-drained where 


] 
SOLIS 


winter lows only infrequently reach 
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15° F 


Vation are ol 


The chances for successful cult 
course best within and a¢ 
jacent to its natural area 

The Jojoba Fauna. A number of in- 
sects frequent jojoba. The more harm- 
katydids, grasshoppers, 
lar- 
been found in 


include 
darkling beetles, 
Wood borings have 


less 
and leaf-chewing 
vae. 
old stems and a bostrychid beetle, Am- 
(Horn), 


hollows out 


simple Jf 


phice rus 


BOTANY 

The geometrid moth, Sterrha bonifata 
(Hulst.), has been identified as a larva 
in stored seed of jojoba, but it is not 
known if this is the same moth attack- 
ing the growing ovules. The immature 
fruits with a perforation, where the in- 
sect emerges, are indicative of the latter 
pest Chaleid flies have been observed 
to emerge from the fruits also They 


apparently represent of the 


parasites 


Fic. 7 An open cover of jojoba along the Ap 
twigs resulting in a random type of 
pruning (Fig. 10) \ sap-sucking bug 


the Hemiptera orde r was observed 
the the 


ol 


frequently among leaves of 


Aguanga jojoba. A microlepidopteron of 


the moth order is the only serious pest 


known. Its larvae chew out the young 
ovules and adjacent tissue in young 
fruits. The late Frederick Gibson and 


Baird (3) ré ported them as serious and 
during 1957 the writer estimates they 
destroyed about 75-80% of the fruit set 


in the Pinal Mountain region of Arizona 


whe Trail in the Pinal Mountains of Arizona 


moth and constitute a natural 


check and 


may 
a friend of the jojoba grower 
Many rodents gather the jojoba nuts 


off the ground and some of them feed on 


the bushes, gathering the ripening nuts 
1] 
ii 


before they 1a Ground squirrels, C7i- 
tellus, desert chipmunks, Ammospe rmo- 
and Le pus and Sylvila- 


Gus spp . 


philus, rabbits, 


are among these In most JO- 


joba areas all of the nuts will be taken 
by animals, as in the Californias, where 


In 


as near Superior and in the 


pack rats, Neotoma, are abundant 


other places, 
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Tueson Mountains of Arizona, previous 
year’s nuts have been found lying on the 
ground. This condition was observed in 
the extensive stands where the seeds ap- 
pear to be produced in excess of what 
Huey 
(9) has described a gopher, Thomomys 
bottae 
to jojoba ecology. 
the 


animals 


the animal population consumed. 


which appears adapted 
It is not known if it 
Deer other 

extensively on 


jojobae 
roots. and 
feed 
both fruits and foliage of jojoba (Fig 
11). The birds, 


feeds on 

browsing 
, 

such as 


larger Jays, 


Fic. 8 
leafless dormant plant away from the pavement 


crows, pigeons, and doves have been re- 
ported to feed on or carry off the seeds. 

The Seasonal Cycle. The 
growth pattern of jojoba is generally a 
the 


seasonal 


response to winter-spring rains 


Just when growth starts depends upon 


the 
shoots the flower 


timing of 
flush of new 


the amount and 


With the 
buds appear in the axils of the leaves 


rains 


The earliest that appear in fall or win- 
ter remain for three to five 
months until the warmer, longer days of 
late February or March. 


quiescent 


March appears 


to encompass most of the period of ac- 
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tive pollination, but it may continue 
through April. When there are sufficient 
rains to provide deep soil moisture, shoot 
growth continues longer and is aeccom- 
panied by a longer period of fruit setting. 
Light rains bring only a partial response 
the and the 
drought dormancy of many individual 
unbroken. Light rains 
fail to drive soil moisture to the deeper 


from jojoba population 


shrubs remains 


roots and those shrubs which have 


flushed a set of fruits frequently fail to 
mature seed, the capsules withering in 


\ leafy growing plant watered by the run-off from pavement compared to a nearly 


California Desert 


the heat of summer. The seed crop of 
such years is light with small seeds low 
in oil and protein. Many shrubs, how- 
ever, exhibit a self-thinning response, as 
frequently left ovules 


Fig. 12 shows the 


there are some 
that develop to seed. 
condition of growth and pistillate flowers 
on March 10, just previous to pistil ex- 
trusion and Fig. 13 of the same plant 
(No. 16376) on June 1, when capsules 
have attained their full size. 
still 


The seeds 


or ovules, however, are white and 
immature 


In 1957 jojoba did not seed well in 
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areas lacking fall rains, although spring 
precipitation Was up to average in many 
parts, as Superior with ca. 9 inches and 
7 inches Two distinct 
Arizona and Baja California 
receiving 1 to 2 inches of late 


Novembe1 and early December were the 


Aguanga with ca 
areas 1n 
rain in 
only areas in which seeding was satis- 
although light 


Aguanga locality 


factory Also, in the ary 


two plants having 


th 
4, ‘ 
Fic. 9. The 
California 


withering green fruits show 


heavy sets of capsules were not benefited 
by three irrigations of 50 gallons each 
during April, May, and June, as all cap- 
sules failed to mature seed on one bush 
(Fig. 9), while yield of the other devel- 
oped about as did yields of other un- 
watered shrubs. Apparently, for maxi- 
seed development, soil 


mum moisture 


must not only be provided deeply but 


early in the season or the fall. 
The summer rains of Arizona appear 


the 


he OO WS 0 aN ON ty 
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to have but little influence on the annual 


growth and product ve evecle ot jojoba. 


The late summer growth observed ther 
was brief and ragged B. W. Benson, 
ol the Bove Thompson Arboretum, 


Superior, Arizona, stated that there was 


but one definite growth period for jo- 


joba; that of winter-spring. The summer 


rains, however, may fill out the matur- 


ing seeds and then 


prolong 


ripening 


‘/* 


i ie - 
—< ee’ 


effects of an early June sunburn, Aguanga, 


This indicates that jojoba has its histor- 
ical origins in the Mediterranean type 
of climate and the resting period imposed 
by the dry summer is normal to its con- 
stitution and perhaps essential to its 
health as some of the culture trials ap- 
pear to indicate. 
evel 


At any rate, its growth 
synchronizes naturally with the 
Californian climate, indicating that first 
cultural trials would be most likely to 
succeed there. 
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Fic. 10 (Above) Drying branches clipped by the bostrychid beetle borer. San Telmo val- 
ley, Baja California 

Fic. 11 (Below) 4 severely browsed bush showing how all twigs and foliage have been 
stripped in preceding years “Sierra Jojoba, sonora 
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The Variable Characters of Jojoba 


Simmondsia is a monotypic genus with 
and the 
member of the Buxaceae except Pachy- 
native to the United 
Once well-perceived, it is readily recog- 


distinetive characters, only 


sandra States 


nized wherever met However, it is 
highly variable among individuals and 
populations in ways both obvious and 
obscure. Some of its variability is he- 
reditary and some environmental, both 
sets of differences frequently being quali- 
tative and not always separable when 
observed in nature. Mutations of large 
strik- 


plant 


degree are obviously rare, the only 
ing instance observed being a single 
three 
ing na laboratory at the Southern Uti- 
Branch in New Or- 


with leaves at every node, vTOW- 


lization Research 
leans 
Whether a 
capsules or 2—3-seeded capsules may ap- 
first glance as a 
tinction, only to be discarded as 


shrub has single-seeded 


pear at clear-cut dis- 
insig- 
found borne 
further 
study reveals that certain shrubs pro- 
about 90% and 
a better evaluation of the 
In S 


nearly all phenotypes tend to grade into 


nificant when both are ona 


single shrub However, when 


duce singles another 


SO” 


character can be 


doubles, 
made chinensis 


others, as though genetically we are 
dealing with multiple or cumulative fac- 
tors. In wild populations the genetic 
lines have been repeatedly started and 
checked back again the 
fortuity inherent in a_ cross-breeding 


species. The general effect 


according to 


appears to 
have been the swamping out of poten- 
tially really distinguished genetic lines. 


Only in rare instances among geograph- 


ically or environmentally peripheral 
as in disjunctions, can 
expect radical departure from the vari- 


ant norm. 


populations, we 


Taxonomically, the variants can be 
regarded as forms, but it does not appear 
desirable to burden the scene with formal 
There will be 


trinomials at this time. 
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that 
select and stabilize the varietal lines of 
cultivates. 


time enough for as plant breeders 


the However, as many of 
the variants appear to have different po- 
tentials for Jojoba as a cultivate, they 


are described below according to their 
gross morphology 

The Habit. 
the shrub generally forms Withseveral to 


In full 


normal 


Branching is profuse and 


many stems from the root crown 
the 
prolifie 


light, characteristic of site, 
the 


In a few years a symmetrical hem- 


lateral branching is neal 
base 
isphere of foliage arises from near the 
ground. As the plants gaining in 


height and breadth, shade pruning elimi- 


“ave, 


nates the early low foliage and a higher 
On old plants, dead, 
clutter thy 
base area and there may be a deep litter 


eanopy dey elops 


dry stumps and branches 
The strongest tend- 
eney towards plurality of stems may be 
the 


101 


of leaves and twigs. 


evidenced as early as first hypo- 


geous shoots from seed, two shoots 


may arise together from a single seed 


Cutting of the initial shoot may result in 
lower node and a 


branching at a new 


basal shoot as well 
In the 
growth 


drier environments 


is usually 


perennial 
die-back 
This is reflected in short inter- 
and lateral 
forming through the years a very twiggy 


short and 
common 
branching, 


nodes prolific 


bush with dense, intricate branches 
The wetter climates foster taller broom- 
ier g shoots with less 
There of 
gradations between these environmental 
extremes of habit, but to orient the oth- 
Where long 
drought periods are interrupted by wet 
periods, the differential growth will be 
reflected in a distortion of habit. Where 
light winter rains are regular, a rather 


uniform population of low twiggy habit 


shrubs of longer 


lateral twigging. ure, course, 


ers keep these two in mind. 


results, 
2,4). Here the environmental control is 
rigid and masks the genotypes, which are 
evident as phenotypes elsewhere. 


as in maritime California (Figs 
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‘ig. 12 (Above). Plant No, 16376 showing the flowers on March 10 just before pistil extrusion 
> (Below) The same shrub with full-sized but green immature fruits on June 1 
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For instance, in the San Telmo valley 
25 to 30 miles inland, the environment is 
quite different from its neighboring mari- 
time The upper San Telmo valley 
with its deep sandy alluvium with both 
higher rainfall and 
expression of many of the habit forms of 
jojoba: 1) the low twiggy form; 2) the 
the rakish 
branch form with an irregular open crown 
(rare); 4) the 


one. 


temperature allows 


tall broomy bush; 3) long 


treelet form with loose o1 


Fic. 14 


by a brush fire 


Plant No. 16376 at Aguanga 
About 30 years old 


open foliage crown above a narrow base; 
5) the thicket or clonal form consisting 
of what may-appear to be individuals, 
which can be further divided into low, or 
tall, or open, or closed clonal forms, and 
so On. 

When such habit ran- 
dom within a given locality of uniform 
environment, it 1s that 
In such a 
certain 
may have operated to distort the present 


forms occur at 


apparent such 


variants are largely genetic. 


natural locus, however, factors 
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One such factor 
fire. 


scene. appears to have 


been Jojoba responds \ igorously 


with new following brush fires 
that the 
to fire or 
on 


cloning appears as a 


shoots 
and it 


clonal 


is probable thicket or 


form is due some other 


form of top removal 


coastal sand 


dunes response to 
sand burial 
tinue to 


points, 


The tops Ol old plants con- 


grow out of widely diverging 


individuals in a 


6), while actually 


appearing as 


fairv ring (Fig they 


California shows a symmetrical growth after burning 


are joined far below the surface in a sin- 
gle seminal after 
fire or cutting proceeds mainly about the 
root crown, but shoots also may develop 
several feet away like separate individ- 
uals from deep sections of the radiating 


origin. Regeneration 


main roots. 
However, the different genetic endow- 
ments of these regenerated plants are at- 


tested by the respective forms they take, 


as the thicket clone, the broomy form, 
the 


the twiggy form, and rare single- 


THE NATURAL 
The 
indicating a 
the 
radically different conditions 
A habit 


is usually apparent, tl 


stemmed form latter is especially 


significant as constant ge- 


netie control of individual through 


difference between the sexes 


le staminat plants 


being taller or large! with less die-back 


and knobbiness. They do not bear the 


onus Ol seeding A good or lh avy secede! 


Mav have a poor vegetative condition 


comparable biologically to the bony ap- 
pearance Ol thre good milker among cows 


It 


1 
Unb 


is also notable and should prove val- 


to the breeder that the stamuinate 
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ated forking below 


veloped bv rey 


crown. The maximum d pths they re ach 


are not known, but roots of many shrubs 
in different localities along eroded banks 
were observed from 8& to 12 feet below 
their crowns (Figs. 5, 17) rhe foreman 
of the Santa Marta farm in Baja Cal- 
fornia stated that the roots of one plant 
went to 10 m. depth in a well dug ther 

No hallow oO! subsurface feede roots 
or tru rhizomes lave been observed 
Horizontal growth is never apparent ex- 
cept where subsurface strata prevent 


downward vToOWwth Small down-trending 


15 (Left) 


Bush with open spreading 


16 (Right) \ large-fruited bush with 


phenotypes have their habit counterparts 
in the pistillate forms. 
tinetive habits 
14, 15, 16. 
The Roots. is 


plant and the first response of the ger- 


Some of the dis- 


are shown in figures 2, 3, 


Jojoba a tap-rooted 
minating seed is the deepest penetration 
possible according to soil medium and 
seed reserves. When cultured in deep 
pots the descending root is several inches 
long within a week and before the up- 
ward shoot has started. The root reaches 
depths of 12 to 18 inches by the time the 
Kach adult jojoba 


shoot breaks cover. 


bush commonly has several tap roots de- 


habit 


ect open h ibit 


Baja California 
Baja C 


San Jacinto 


San Jacinto ilifornia 


ive been 
the 
as the main roots at 
still little 


Was apparent of 


rootlets hs 


feet 


laterals with * hairy ” 


observed two to three below 
surface However, 
this depth 
branched, it 


the 


and 


that 


were large 
most 
feeder roots below 
17). 


been observed, even at the lowest levels 


are 
Wherever root 


that depth 
(Fig systems have 
of eight or ten feet, the relative paucity 
of feeder rootlets is rather striking A 
relatively vast volume of soil appears to 
be very poorly exploited by the jojoba 
The 
study of this organ is clearly apparent. 
Moisture and mineral intake should be 


root system. need for a careful 
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increased bY stimulation large! 


leeder root deploviment SHALLOW 


tats , ] . } { re 
adventitious roots obtained trom cuttings 


{ bye Hie 


answer and it is regi 
cuttings 


The Leaf. 


through 


Phe af apparently lives 


two or three seasons, depending 


on moisture and shade conditions. Even- 


abseission laver on 
In 1957 


period Of leat-Tall 


tually it deve 


Ops an 


the very short peti and falls 


there Wi 
during th Calitornia 


Older 


ary summe! 


, } } 
leaves are noticeably larger than 


those of the current year, indicating that 


erowth continues during thi 
Th 


Dasses to 
pa 


second sea- 


=on soit green or gray oO! the first 


veal vellow-green the 


second veal the leaves 


“ure 


with reddish brown 
Older 


much of their initial fine pubescence and 


Tr quently ting 


around the margin leaves lose 


have a indument. ‘he blade is 
thick 
ently 


bent 


Waxy 
and rather stiff, standing diverg- 
easily detached if 


the 


but is 
backwards 
cially when young and tender and again 


erect, 


along twig, espe- 


when old and abscission is advanced 
The leaves on different plants vary in 
and amount 


s1Ze, shape , color, thickness,’ 


of pubescence. Some of these leaf forms 


linked 


characters, 


with other 
leaf and 
characterizing a 
When 
sistently with other definite characters, 
the 


correlated 
the 


capsule 


are to 


such as smal] 


small-seeded 


recurrent torm combined con- 


} 


such leaf forms significant in 


ol the 


ure 


recognition varieties or forms of 
Simmondsia chinensis 
A glaucous bloom 


shrubs lending a bluish gray cast to the 


appears On many 


regarded this as 


but 


foliage Observers have 


of varietal significance, It appears 
no regular association with othe 


and appears to be primarily 


1 he 


fire 


to have 
characters 


physiologic new vigorous shoots 


Irom stumps Ol burn are conspicu- 


Its 
Vigorous, 


Marta 


ously light glaucous gray preva- 


lence on a_ strong-shooted, 


large-leaved form in the Santa 


BOTANY 


population suggests that it may 


Like 


pabulosa. 


an edaphic responst Kell 
proposed 


species, S&S 


an unusually pubescent form with smal! 


leaves, the light glaucous gray condition 


occurs at random through 


many popula- 


tions It may have 
lorm lf 


trol the 


significance as a leal 


Wax sO, thre vrenes which con- 


glaucous character could becom 
} 


he obscure objective Of geneticists 


some si rubs appear to detoliate more 
than 


leafless at 


others and latively 


tin 


Are } 
seceding 


when synchronized With Truiting tine 


would have definite advantages for cer 


kinds Ol harvest operations 


Is concomitant with leaf aging 


sulnmel! drought, but this does not ex- 


plain why some shrubs at a given 


site 


will be nearly leafless, while others unde1 


the conditions remain in 


same apparent 
full leaf. 
The Flowers. 


flowers of jojoba 


The female o1 pistillate 


are small and inecon- 


spicuous, being of the same pale green 
color as the new leaves and twigs (Fig 
12) 

] 
eaves 


They are borne in the axils of the 
and the the 
with shoot growth 


forks of tWigs con- 


Nor- 


mally, only one of the two leaf axils at 


comitant new 
the node will flower in one season, the 
opposite bud remaining dormant. Cap- 
sules that frequently occur in the forks 
of twigs and rarely along leafless sections 
of the branches probably represent flower 
buds that remained dormant 


ior two or 


ils alter- 


remain dormant during 


thre vei 30th flower buds at 
nodes may 


first 


nate 
the flowering 
This is the 
general pattern in the Arizona popula- 


resulting in 


Scason 


only at every other node. 


tions, while the California plants com- 


monly show flowering at every node in 


SOT degres 
thi 


flower 


Drought appears to be one of 


the 


a season of good rains fol- 


strongest factors inhibiting 


When 


long 


buds 


lows a dry period these become 


activated along with those on the new 


shoot crowth Thus there is a sudden 


O77 
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Fig. 17 (Above). A very old plant in the sand dunes near Socorro, Baja California. Wind 
has blown away the sand exposing the very large tap root and its branches 
Fic. 18 (Below). The same roots as above showing the epiphvti ichens and leaf 


sprouted trom the roots 
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burst of flowers after two or three years 
Cold 


inhibit: growth of flowers. 


of drought winter temperatures 
This is dem- 
onstrated by the fall flowers which will 
winter over until spring, provided thei 
pistils are extruded cold 


‘he drought of summer and 


not before 
winter, therefore, tend to con- 
When 
is present through spring 
under 


the cold of 


centrate flowering in the spring 
soil moisture 


and summer, as irrigation, there 
is nearly continuous growth accompanied 
This 
Arlington planting 


the ease with 


The result 


by flowering Was 


the 


Was 


lack of correspondence between 


pollen and pistil Seed maturation was 


also indeterminate and there was no 


normally 


harvest sc“uson as prevails 


svnehronized 


among wild populations, 
with the natural season 


Phe 


ers are 


clusters of small vellow male flow- 
also borne in the leaf axils and 
follow the same regime as the females 
In natural jojoba populations both sexes 
appear to be well synchronized to mois- 
ture and temperature and there is us- 
ually abundant polle n 10! receptive pls- 
tils in the spring The 


easily by tiie 


pollen is borne 
wind and fruiting pistillate 
half 
from staminate bushes, 


poll n 


plants have been observed a mile 


or more indicat- 
is borne such distances. 


the 


ing that 
No 


] 
lemale 


Insects have been observed on 


flowers, which are ‘ colorless ”’ 


and without nectaries or scent glands 


both SCXCS, 
flowe! early and others flowet 


At Santo Tomas 


Some individual plants of 
however, 
a month or 


and 


more 


Vicente, 


later 


flowers 


San female 


SO] IE 
failed to set seed in 1957, apparently 10! 
pollination 


lack of Conceivably in do- 


mestication, the selection of a late-flow- 
ering female vari ty could Impose a cor- 
responding selection of a late pollinator, 
but it now 

The 


plants in 


appears as a remote problem 
ratio of male plants to femal 
Arizona 1s Gib- 


son and Benson of the Boyce Thompson 


very unequal 


Southwestern Arboretum reported to the 


BOTANY 


writer that the Jojoba population at Su- 


perior had about five males to 


ic- 
male and counts were subsequently made 


one 


at that and other localities, as follows: 
Males Is 

Arizona 100 

Arizona 80 

Camp Creek, Arizona 3 

Aguitos, Baja C 
fornia 

Meling Ranch 
California 

Telmo Valley 
Baja California 

Aguanga, C 


Superior 


Tucson 


til- 


san 
} 
ihiornia 


the s¢ xual 


ratio in Arizona is not certainly known, 


The cause of the disparity in 


but it appears to be duc to environmen- 
Appar- 


sSUrVI1V¢ 


tal rather than genetic factors 


ently, three to five males will 


the seedling 


where as many females will fail 


stresses of establishment 
There is anothet conspicuous difference 


between the Arizona and the California 


ee weeks: B 


months dehiscence; 


THE NATURAL 


populations. Flowering at every node is 
very common in the Californias, but rel- 
atively rare in Arizona. This appears to 
Arizona 
Huntington Bo- 
at Vista in Califor- 
and 


have a genetic basis because 
growing at the 


seeds 
tanical Gardens and 
flowering 


nia retain their habit of 


seeding at alternate nodes Arizona 
stocks would appear to have less vield 

than the 
genetic deployment is shown by 
The 


is been from alternate to nodal to 


potential California stocks 
Further 
the polyearpy of Fig. 19. evolu- 
tion hi 
fascicled and vice versa 
(Fig. 20) 


ing degrees 


racemose or 
Fasciculation occurs in vary- 
with the 
trait in 
the total peduncles, as 


individual shrubs 


having thi some percentage ot 
10 or 20 or 60% 
of the peduncles with faseicled fruits and 
soon. What is involved here by the me- 


growth and physiology in con- 


chanies of 


( 
| 
! 
I 


junction with the genetic mechanism is 


not understood. Its signifi- 


apphed 
cance is discussed below. 

The Capsules. The 
jojoba is expressed 
fruits than in any 
fruit is a capsule (Fig. 


individuality of 
more fully in its 
other organ. The 
19a), normally 
dehiscent, containing one to three ovules 
attached to the placenta at the apex of 


the The 


grows apex 


therefore, 
the 
an upside down posi- 


capsule ovule, 


the towards base 


of the capsule in 


Trom 
tion. The capsule attains nearly full 


size in about three months It grows 
more rapidly than the ovule and within 
five or six weeks forms a relatively large 
which the growing ovule or ovules 
During 


the early stage, the first two to three 


cavity, 
will gradually oceupy (Fig. 19) 


months, the ovule is a soft creamy-white 
ovoid to pyriiorm body. If seasonal 
unfavorable for develop- 
wither before filling the 
Under good conditions the ovule 
will completely fill the cavity, molding 
itself to the form and in time, as it ma- 
tures to a well-filled seed, may assist mn 


conditions are 
ment, it may 


cavity 


splitting apart the three drying valves 
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of the capsule, The pe riod required lor 
complete maturation after f¢ rtilization is 
Seeds tl at 


six to seven months matured 


prematurely in five months found 
but 


small, 
low in oil content 


were 


to be viable, withered and 


The factors determining whether one. 
two, o1 three ovules develop are 


known Ovules may be 


abortion 
9 


stages of Shrubs which usu- 
] 


ally cle velop -seeded capsules com- 


monly have one seed much smaller than 


the other. One-seeded, 2-seeded, and 3- 
seeded capsules occur on some individual 
bushes al shrubs tend 


a high percentage Ol one or the 
some having 80-90% 


capsules and so on 


to have 
other, one-seeded 
There appears to 
be a primary genetic control modified 
by environmental conditions 

The capsules vary notably in size 
shape, and color (Fig. 21) 
ent that each triad differs from 
the 


likeness. This 


is appar- 
anv other 
triad 


reflects the 


members of each 


] } 
while I 


triad, 
show then 
genetic character of each shrub the triad 
They 


short and round, long and pointed, 


represents may be relatively 


large 
or small, ovate or elliptic in outline, 
somewhat bell-shaped or obovoid being 
broadest just beyond the middle Their 
respective shapes are partly modified by 
2~3-seeded 


the number of seeds. the 


forms usually being fuller and 


than 


shortel 
l-seeded forms However, the ef- 
fect of seed number on capsule form ap- 
pears to be secondary to a genetically 
individual 
shrubs have recognizable capsule shape Ss, 


determined capsule form, as 


Irrespective of the number of seeds they 


contain For instance, the form with 


short round capsules will maintain this 
form irrespective of the number of seeds 
in different capsules on the same bush 
The 3-seeded 


larger than its companion l-seeded cap- 


capsule will usually be 


sule, but the capsule form is otherwise 
the same. As another example, the long 


form may have a high percent- 


capsule 
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Fic. 19a. Capsules of jojoba showing single and double-seeded fruits found on one cutting 
Aguanga, California, 1952. (Photo. natural size.) 


THE NATURAL 


age ol obovate capsules due to the pres- 


ence of 2 seeds, one of which is smaller 


and has filled out only the lower or mor 


distal part ol the capsule It is not 


always possible to tell by the exterio} 


Fic, 20. The evolution of fruiting in jojoba 


form of a eapsule whether it contains 


one or more seeds. This is true of sev- 


eral forms making up the common me- 


dium ovoid capsule types. 


Some of the capsule forms appear to 
be correlated with certain leaf forms, as 


small capsules with small leaves, large, 


HISTORY OF 
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thick-walled capsules wi 


iCaVes, 1Ong Capsules 


ves | suggests tl 


tere | 
tors 


operate on Ileal and 


renetic basis of suc] 


A, tvpr 


evident by their random urrence 


OC ( 


within certain populations and again 


others which recur as re cognizabl 
in several populations A 


characterized by 


types 
shrub form, 
small 


smmall-seeded, 


capsules, long-pubescent and 


the 


capsules, 


small leaves, has been obs¢ rved In 
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San Vicente, Santo Tomas, and Aguanga 
localities of the Californias 

The tendency toward clustered or fas- 
interest. It 


lorms 


unusual 
fruit and 
suggests definite advantages for high po- 
tential yields and for hand _ picking. 
Stunted shrubs or dwarf types with very 


cicled fruits is of 


is rare among jojoba 


short internodes of one-quarter inch or 
of having 
double or triple fruits, but truly faseicled 


less may give the appearance 


capsules are borne on a single peduncle 
(Fig. 19). All characters in jojoba dif- 
fer gradually or by degrees and this is 
especially evident in fascicled fruiting 
In 


percentage 


most localities it occurs as a small 
(one to two percent) of dou- 
ble or triple capsules on a very small 
In other lo- 


ealities, notably at Santo Tomas in nor- 


percentage of the shrubs 
thern Baja California, shrubs with fas- 
led fruits make up 10 to 15 percent 
of the this 
individual 
percent ol 


cic 
femal population some ol 
composed ol 
to 40 
peduncles having two to six capsules 


In 


would appear that factors for this char- 


percentage Is 


shrubs with 25 their 


each, such a locality as this, it 
acter hold uncommon sway and the plant 
breeder could gain by using the local 
germ plasm for studying this character 

The 


florescence 


erowth form of the racemose in- 


is itself variable It does not 


appear to bye linked to any one capsule 


form, as round or long, 1-seeded or 2- 


1 
| 


seeded, ana 


large or small capsules have 
The 


commonly short-pedicled and 


been found in one inflorescence 


fruits are 
inclined to bunch together. Very rarely 
has a long-peduncled, loosely composed, 
racemose cluster been 
20). The long 


growing capsule 


freely hanging, 


observed (Fig peduncle, 


allowing the to hang 
down, shaded by the leaves and the calyx 
lobes, is a valuable situation, 
prevents the high sun from striking the 
young tender capsule. The short-pedun- 
cled and the 


fruits in particular were the types that 


since it 


capsules short-clustered 


BOTANY 
suffered most from sunburn in the early 
June hot spell of 1957 

It would appear that fascicled fruiting 
is potentially a very valuable character, 
as two or three or even six seeds could be 
produced where only 


one commonly 


vTOWS The case, however, is not 


ple. 


back 


SO sllli- 
sunburn draw- 
fascicled fruits 


have 


In addition to the 
mentioned above, 
wild 


of which fail 


growing on shrubs smaller 


seeds, tO mature 


Generally during the unfavorable seed- 


many 


ing year of 1957 the more capsules this 
the the 
Aguanga, where moisture 


had, 
At 


ditions were poor during 1957, 


lorm lewer were mature 


seeds con- 
none ol 
the fascicled-fruited shrubs under obser- 
The 
shriveled 
without 


vation were able to mature seed 


sunburned and 


shriveled 


fruits either 


away or away being 


sunburned Hence the successful culti- 
vation of this outstanding form will de- 
pend upon oul ability to meet its more 
101 
recommended 


critical requirements seed 


tion. It is 


matura- 
not to be lol 
dry-farmed lands, but irrigation, fertili- 
zation, and cultural 
may eventually justify the selection of 
improved varieties of this form 

The Seeds. 


seeds of jojoba contain little or no endo- 


other advantages 


The large peanut-sized 


sperm and consist mainly of the undiffer- 
entiated At 


become 


tissue of the cotyledons 


hypogeous germination these 
swollen with moisture into large succu- 
lent subterranean organs, carrying larg 
reserves Of energy tor the young plant 
As the seed matures the seed coat dark- 
becoming light reddish brown before 
By full matur- 


ity the seeds are commonly brown, but 


ens, 


the green capsule onens 


seed color varies according to individual 
shrubs and populations, a chestnut colo! 
being common at Camp Creek, while 
chocolate brown is usual about Superior 
The seeds on different shrubs also vary 
in size, shape, amount of pubescence and 
(Fig. 22) 


shrubs have 


its distribution, lumpiness, ete 
Seeds borne on different 
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Iic, 21 The variable « ipsules ol jojoba: each triad re presents a single shrub \ Superior 


Arizona; B, Camp Creek, Arizona; C, Aguanga, California; D, San Telmo Valley, Baja California 
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found to vary in size from 336 to 


heen ’ 
This is a sixfold difference, 


suggestive of what might be done with 


this variable character in a few genera- 


tions by selective breeding. Large well- 


filled seeds have many advantages from 


the harvest and “here 


vield standpoint 


are many factors involved. There ap- 


pears to be a basic mechanism 


| 
for seed size, as individual shrubs have 
Other de- 


whether there 


genetic 


their respective seed forms 


terminants of seed size are 


is a large or light set of capsules (gen- 
erally the ewer the capsules per bush 
the larger the seeds), and upon such sea- 
] 


sonal conditions as deep soil moisture 
ete., and which discussed later (p 


287). 
The 


Irom the 


are 


seed appears to draw nutriment 


capsule as long as the capsule 
remains green and functional 


and 


Capsul 


seed together and unde 


mature 
conditions 


] 


along 


proper the drying capsule 


splits open the three sutures, the 


Valves falling away from the calyx with 


the bush, as by wind o1 
fall, 
seeds and valves in all 

fall 


seed may be seen hanging down from th 


any agitation ol 


animals. During the time seed 


oO] 
one can observe 


stages of gradual Frequently, thi 
calyx on its slende1 
string, Fig 


the 


placenta, as 
19 D and will fall at a touch 
placenta dried With 
propel dehiscence the seed falls free upon 
the the litter of 


on a 


when has 
leaves, 
When 
sules dry prematurely they shrink and 
may open If this late 
viable or 


ground among 


(Wigs, calyces and valves cap- 


fail to 


th 


occurs 


enough, seeds may be 


otherwise usable, but it is then necessary 
By 


hand methods shelling is done by tramp- 


to erack and shell the capsules 


ing to break away the thin capsules fol- 
Such dry withered 
capsules are apt to remain on the calyx 


lowed by winnowing 


and bush for a considerable period 

The season of seed fall is predeter- 
mined by both environmental and ge- 
netic The will be late 


factors. season 


BOTANY 


and prolonged according to the moisture 


and coolness of the spring and summer, 


and 


actors 1n 


Ol early according to the dryness 
heat These f 


wild populations appear to ove r-shadow 


of those seasons 


} 


the effeets of an early or blooming 


the 


ate 
Howse Ver, 
the 


period genetic actors 


are apparent in difference seed 


Ol 


maturation according to individual 


shrubs inhabiting the same locality 


Some shrubs ripen seed earlier or mort 


ce terminately than others Crene rally 


the seed fall will continue over a period 


of six or seven weeks 1n a given locality, 


some shrubs seeding throughout this pe- 
riod while others will complete the proc- 


ess Within a month. Usually the south- 


ern populations in Baja Calif will 


Ornmla 


mature seed one or two months earlier 


than in California or Arizona, but there 


“ure 


seasonal exceptions. In 1957 seeding 
Ari- 


zona, from middle July to late August, 


unusually early and short in 


Was 


while it was latest at Aguanga in Cali- 


fornia, Where general ripening did not 


oceur until mid-September It 
that 


ippears 


man can lmprove the seeding habit 


10! harvest purposes bv s¢ leeting deter- 


minate-seeding forms and by proper ir- 


rigation timing, but there is littl 


do about the vagaries of climate 


Yield of Jojoba 


} 


The potential yield of jojoba has been 
a crucial question in appraising its eco- 
nomic position. Previous estimates have 
had no quantitative data available (5). 
Part of the field survey of jojoba during 
1957 
vield data from cultivated jojoba and 
wild The individual seed 
vields of 80 wild shrubs were collected 


Was directed towards collecting 


from shrubs 


and weighed separately. The lots varied 
from two ounces to six pounds per bush 
or clone and averaged 1.5 pounds each. 

small 
the 


Such bushes repre sented only a 


percentage, about 5 to 25%, of fe- 


male populations, as most of the shrubs 


did not vield during 1957. Years when 
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Fic. 22. Seed of jojoba, natural size. Each triad represents an individual shrub: 16817, 16822 
& 16823 from Camp Creek, Arizona; 16776, 16847, 16841 & 16840 from Baja California; 16870 & 
16376 from California. No. 16668 from a cultivated plant at Huntington Botanical Gardens, Cali- 


fornia; note the full smooth roundness of this cultivated seed 
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fruiting Was more abundant and general 
among jojoba stands have been reported 
residents and observed 


In 


five or six years, seed production of indi- 


by local by the 


writer such seasons, one in every 


vidual shrubs and of localities as a whole 
Seeds of twenty ol the eighty 

indi- 
are reported in Table 


is higher. 


shrubs. collected to obtain their 


vidual oil contents, 


BOTANY 


and 
Development Division of thi De- 
at New Orleans 
16 between the 


the Southern Utilization Research 
| ~ 
partment of Agriculture 
With 


Instance 


a difference low 
of 37.8% 


show 


Ol 


and the high of 54%, 


they a spread of over 30% varia- 


tion in oil content among individual 


plants. This is large enough to command 


more attention 


TABLE 1 


Witp SHRUBS OR CLONES 
UTILIZATION 


DEPARTMENT OF 


INDIVID! Al 
THE SOUTHERN 


U.S 


int No Locality Yield in 
16799 
16801 
16803 
16SO8 
16818 
16820 
16820 
16748 
16874 
16776 
16777 
16779 
16780 
16843 
16773 
16838 
16839 
14262 
16862 & 
16376 Aguanga 
16852 
14240 
14266 
14267 
14268 
14272 
16668 


Arizona 


ventul 


Calhtornia 


Hunt. Bot. Gard 


65 


* Estimated yield of two cultivated shrubs 


the 
have an average of 2. 
per The wild 
jojoba seed will, therefore, Vary greatly 


1. These 
shrubs and 


higher yielding 
5 Ibs. 


of 


represent 


bush or clone. crop 
Irom year to year, lor any given locality 
or area. 

Previous analyses, based on compos- 
ite Arizona 
average oil content of 48 to 50% 
7). Table 1 lists the 
individual shrubs or clones analyzed by 


show an 
6, 
26 


samples of seed, 
(5, 


oil content ol 


RESEARCH 
AGRICULTURI 


Tut 
DEVELOP MEN? 
IN NEW 


On 


Wert 


rHt 


ANALYSES 
DIVISION OF 
ORLEANS 


or JOJOBA 


AND 


Ibs “% oil content 


Seed S1Z6 


1040 It 


760 |b 


17.1 
15.8 
12.8 
180 Ib R38 
500 (|b 

180 II 

775/ It 

540 lb 

640 

825 

950 


1280/\b 
9: 


1000 


1000 Ib 
1500 ‘lb 


growing together 
Che 
1957 


compared to the average of 51‘ 


gen rally lower oil content of the 
45.6% , 
1954 
appears to reflect the poor seasonal con- 


] 


a 


seed samples, averaging 


LO] 
maturation which 
1957 This 
pected on physiological grounds. | 
expected in 1954, when individual shrub 
initiated, that 
values would lead to the selection of in- 


with While 


itions for seed pre- 


is to eCX- 


Wis 


vailed during 


sampling was analytic 


dividuals high oil content 
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the data obtained indicate some inherent 
individual differences, it is not possible 
to evaluate them properly because they 
are masked by 
turityv 


the deterrent of imma- 


There are too many environ- 


mental factors detracting from the plant 


potential. To eliminate these prejudicial 


factors, it will be necessary to run sev- 


eral test series: 1) a series of samples 


from several shrubs taken at various 


stages of seed maturation; 2) another 
series of wild shrub samples during a 
favorable for seed maturation, all 


their 


season 
tuken at 
fall; 3) 


vidual plants cultivated under uniform 


respective times Ol seed 


“a series Ol samples from indi- 


conditions. The full potential of oil syn- 


thesis by the plant can eventually be 


determined when culture and nutrient 


feeding systems art tried and deve loped 
lo! building high oll content 
Among the many factors contributing 


to the 


lightness, or diminution, or fail- 


ures of the 1957 seed crop, the following 


appear important: (1) insufficient deep 


soil moisture; (2) failure of shrubs to 


break dormancy ; (3) failure of flower 


(4) 


moth 


maturation ; sunburn of green cap- 


infestation; (6) rodent 


These 


ope rated variously in different localities 


sules; (5) 
and bird depredations lactors 


or regions. Lack of deep soil moisture 
Was a general condition, due to the many 
preceding vears Ol subnormal rainfall, 
and apparently accounts also for the 
lack of flower response in many shrubs 
At Aguanga, many shrubs responded to 
a heavy January rain with a_ prolific 
fruit 
They appeared to 


burst of flowers and good sets of 
lasted on into May. 
have fine seeding prospects at that time, 
but following an early hot spell the first 
of June there was extensive damage and 
continuing failure of the fruit set through 
the 
severe in the Pinal Mountain region of 
Arizona, where it estimated that 
about 75% of the young capsules were 
eliminated by this pest. Birds and mam- 


summer. Moth damage was very 


was 


« 
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mals do not directly contribute 


failure of fruits to mature, but 


take a percentage OL the potential 


vest be lore picke rs Can get to the shi 
their 


Rabbits clip Lhos¢ within 


while and 


squirrels, packrats, mice 
climb the bushes to gather thi ripening 
Where cattle range, they 
browse the bushes severely and prevent 
any general cd velopment Ol trul 
11) 


northern 
gether, the 


nuts. may 


ire neral case tl 


1957 


This was the 


rough 


Sonora during Alto- 


reproductive function 


joba suffers many adversities 


Quantitative yield data 


ated jojoba are very n 


aggre 


Coit plantin 
plant, 5th 
Huntingt« 


per plant 


nm 


Huntington 
per plant 
Uni Arizona 

16 vears 


The Botanica 
appears to be thie only source Ol 
vears. Mr. Wilh 


superintendent 


Huntington 


any 
t rick, 


series oO] 
retired 
gardens, reported about five 
annum for three plants bet 
during 
forties (letter to Fred Gibson) 


hiiteen years of age 
[wo of 
Table 1 


re ported to 


these shrubs are 
by No. 16668, 
have vielded over 30 pounds eac In 


represented 1D 


which are 


1956, when the shrubs were 22-24 vears 


old. 


These two shrubs wert cultivated 
in the succulent garden with about two 
light sprinkler irrigations annually and 
were kept well pruned to avoid tall tops 
wild 


ippeared incredible, 


On the basis of yield records of 
plants, this 
and a special trip was made to the Hunt- 


report 


Unfor- 
had 
eliminated and they could not be exam- 
ined, but the gar- 
dener, Mr. Joseph Schneider, who picked 
the 1956 yield, substantiated the 


ington Gardens to investigate 


tunately, these two. shrubs been 


conversations with 


vield 


288 


had 


seed and then 


report weighed one gallon 


byune ke I 


multiphed by 


the total nun her ol buckets picked lt 


Wwe accept is neur “as a possible po- 


tentina vield of vated ioloba, we can 


re-examine W n be inferred trom 
experience Wit 

on 

For this 16376, i 


(Fig. 14), 


quring the 


I 
Wtv-vear-old dense usl 


ciose observation 


It bore a prolific set ot 
March 
ion test total flowers were 
20,000 When 
mid-Septembet the seeds 


1500 


About 10° ot the capsules bore 


and in connection 


bye about 


] 
picnhea 
weighed 6 Ibs. witl seeds per Ib 
double 


seC Us { 


YOOO 


rest were singles Less 
represented in_ the 
(iver 10000 or more 


flows rs 


flowers Were 
weighed viel 
set ol 


ind develop or the 


seeds were carned of by birds and ro- 


was clearly 
The 


seed size appears partly due to the poo! 


dents; activity of the latter ) 
apparent at picking time small 


moisture conditions prevailing during the 
1957 


could bye doubled 


season Assuming that seed siz 


under proper culture, 
or enlarged to 750 seeds per pound, and 
the 20.000 flowers 


there 


brought to maturity 
would be a 
vield of 26.6 
(500 |b.) convert 
into 40 From this 
reasoning, the Huntington report 


as seed, maximun 


lbs. A 


would 


po- 
tential larger- 
seeded shrub 


20,000 


line Ol 


flowers lbs 


does not seem incredible. However, such 
fi vit ld is not to be expected every vear, 
and is scarcely to be entertained for pre- 
dicting ld yield As a 
maximum, it 


theoretical 
regarded “as an ob- 


jective for future breeders and agrono- 


mists of jojoba If they ean do for seed 
Arlington did for 


should be Casy 


what the planting 
vegetative response, It 
At present I can find no quarrel with 
indicating about 1 


previous estimates 


ton ol seed per cultivated acre (5), but 


this could not be expected until after the 
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The 
makes this estimate 


Wild 


materials basie to any research that 


tenth year Huntington report 
appear conservative 
jojoba represents a rich soures 


conceived or activated for the 
Its wide ranging variability is 
outlined in the 
Not all 


celved or judge ad by periodic observation 


preceding discus- 


s10n Its variables ean be per- 


natural There are too 


conditions 


many environmental effects. For in 


individual shrubs which 


seeders 


stance, pp 


} 


as heavy at one season, may Tall 


tO Vik ld the following vear, or a vigorous 


individual may owe its performance to 


a favorable local site rather than to In- 


herent tactors tor vigor Howe ver, some 


of the intangible factors can be evalu- 


ated by rep ated observations over a 


period of years. The study of individual 


wild shrubs is of lnportance as researc! 


economy mn view Of the long generation 


Two or three 
vears of consecutive study of wild pop- 


period of five to six years 
ulations should save, by the location ol 
desirable prototypes, Many years of se- 
lection through cultivated progeny ol 
unknown origin 

However, field selections could neve 
compete with 


selections that would de- 


velop with cultivated lines. Only under 
the more uniform conditions of culture 
can the successful cultivated strains ma- 
terialize The respective adaptabilities 
Ol plants or varieties are demonstrated 
only when the subjects are placed in the 
environment of cultivation The plas- 
individual 
thing, and it has been well demonstrated 
that individuals will 
will fail The initial 


start of an agronomic program, however, 


ticity of plant species is an 
certain survive 
where others (6) 
will depend in large measure on the ade- 
quacy of the original planting stock 

On the whole it appears that many 
potentially valuable varieties or strains 
The kinds 


to be maintained will depend upon the 


can eventually be selected 


environment or region they will occupy, 
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upon the methods of cultivation and har- 
vest, and upon the kind of product itself 
(just seed or seed plus leaf) Some ot 
the jojoba variants can be suggested as 
more desirable for 
this time: 

1) The 


even-crowned bush would lend itself well 


certain purposes at 


erect, single-stemmed, low, 
to cultivation and to harvest 

2) The 
thicket form might be desirable for har- 
vest by mowing. 


many-stemmed coppice or 


3) A form that sheds its leaves before 
seed maturity would facilitate picking 

4) Determinate seeding would concen- 
trate seeding in a short period and make 
harvest ope rations less expensive 

5) Freely flowering forms would pro- 
vide culture methods with a better po- 
tential for increasing yield. 

6) Late flowering forms would avoid 
frost damage to flowers. 
and higher oil 


\ ield according 


7) Larger seed size 


content would increase 
to seed unit 
8) Fruiting at 


cally 


noc theoreti- 
that of 


nodes and the nodal strains should have 


every 


would double alternate 


preference for cultivation with irrigation 
and fertilization 

9) Fascicled fruiting 
favor hand picking and possibly increase 


would ereatly 
vield above average. 

10) Long-peduneled fruits would min- 
imize sunburn damage 

The factors determining the characters 
forms appear to be 


of these primarily 


genetic. The stabilization or building of 


such forms, as well as the development 
of others not vet perceived, is for the 
will 


know the tvpes ol plants best suited to 


reneticist However, he need to 


cultivation and harvest. In this he will 
need the guidance of the agronomist and 


enginec! 


Jojoba as a Cultivate 


I examined a number of experimental 


plantings in 1957. These were the irri- 
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Riverside, 
dry-farmed 


gated Kiddy 
California 
Coit planting 
(Fig. 24), and 
zona test plot ut 
had the 
tion intermittently sine 


planting hear 
(Fig. 23), the 
California 


Ari- 


also 


near Vista, 


the University of 


have 


Tueson. | 
Kddy planting under observa- 
1947 and dur- 


ing these years have made several cul- 


ture tests of the plant on my farm near 


Murrieta, California The following 


discussion of culture methods and ideas 


is a brief perspective ol these experl- 


ences, 
Propagation. 


most oil seeds, 


v453 
Unlike 


jojoba seeds retain their viability for 


years. A to deter- 


viability of 


several recent test 
11-year-old 
stored in an shed in California, 
gave 38% germination compared with 
99% and 98% 


old and 


mine seeds 


open 


germination for 6-month- 


2-vear-old seeds respectively 
Storage with controlled temperature and 
humidity conditions 


doubtless greatly prolong longevity 


relative would 

Im- 
mature seeds may also germinate read- 
ily However, as the young seedlings 
are fragile in many ways, it ls 1mportant 
that they be started with robust, well- 
matured seeds. They germinate readily 
kept moist 
when daily temperatures range from 80 
to 100 degrees F. 


in alkaline sandy media if 


They have responded 
well in tests made in acid 
In California both field and 
nursery seedlings have responded well 
Mareh to October 
have been inhibited by low temperatures 


media 


less 
outdoor 
from Fall seedings 


with 
lower vitality in the spring seedlings. 


resulting in spotty germination 
It seedlings are to be set out in regions 
advisable to 
start them in the spring and harden them 
off by drying as much as possible before 


where frosts occur, 1t 1s 


winter Trost 
The seeds should be pressed firmly in 
the substratum 1 to 2 


1 


inches below the 
surface, particularly when topped with 
sand or vermiculite mixtures, as the pow- 
erful thick radicle may otherwise push 
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the seed above the surface, where it drys 


Crusting soils should be kept moist un- 
Out ol 


thre 


til after shoot em reence aoors 


the top shoot will appear in 


LO 


four weeks, somewhat sooner in 


green- 
nouses 
Jojoba qaoes not transplant we l] me} 


il trials have resulted 1n the loss of t 


najority of plants. Root pruning 


or other 


techniques may be cle veloped 


to correct this (4) Potted plants when 


Eddy Riverside 


Fic. 23. The 


irrigation 


pl inting near 


witl 


moved to the field have also shown defi- 


nite shock or set-back with several 
months to a veal required for recovery 
and resumption of growth 


to the 


This appears 


due to injury tap root, which 


penetrates deeply within a few weeks 
Studies of transplant handling are badly 
needed 

Jojoba may either be direct-seeded in 
field or 


nursery stock 


the transplanted from potted 
There are respective ad- 


vantages, depending upon local circum- 
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stances seeding done 


economical 1 a modified cotton 


plantes seeding it is best to 


apply two or. three alter 


Wrigations 


germination through the 
ind the 


from rodents, 


summer 
should br protected 

Weed- 
Pot- 
be handled successfully in tar 


medium 


see dlings 


birds, and insects 


i should follow each irrigation 


ape! pots ol to | crac 


and should be at least 12 inches 


California, at about six or seven vears of 


deep to allow root room When set out 


field, the 


raised several 


in the paper cylinder can be 


inches to provide protec- 


tion from frosts and rodents It may 


also serve to reduce bushy branching 


set dling ona 


¢ 
from the base and start the 
There 


backs to this method, however 


treelet form are several draw- 
(ne Is 
due to 
Injury in moving and even loss of some 
plants A the 


heating de veloped within the evlinde1 


cost, another is set-back root 


continuing problem is 
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around the tender seedling during hot to 8SO% ot the cuttings tried However, 


summer months Painting the cylinders In no cuse were such cuttings continued 


white on the ~un-side should eliminate beyond a few weeks, so it is un- 
the excessive heat, however. The ad- known whether such propagations 


vantages of nursery-started seedlings produce successful mature shrubs 


are obviously those of controlled condi- advantages of vegetative 


cuttings 


} } 


tions best suited to their early eritical multiplying desirable selections e ob- 


ra | 
period As their growth is slow may vious Also. an adventitious root svs- 


be advantageous to hold them in pots tem might prove very desirable in im- 


over two winters when thev would be proving thre 


I veneral root efficiency of 


24. The Coit planting near Vista, California, in the fifth vear (1957) 


drvfarmed 
bean orchard in background 


hardier and it would theoretically shorten jojoba It would appear much mor 


their unproductive period on the land. capable of absorbing the soil moisture 


There is little evidence available at this and minerals from upper soil levels than 


time for evaluating these suggested the very deep tap-rooted plants grown 


methods and the need for further re- from seed Such 


propagation studies, 
search is quite obvious 


therefore, should be carried through to 


Cuttings of jojoba have been rooted the final maturation of the plants and 


In several cases reviewed by the write! even better to the effects of nutrient 
it was found that only new shoot growth feeding on vield. 

treated with root promoting substances, Field Practices. Irrigation after thi 
as indoleacetic acid, responded well 


first two summers, when the critical pe- 
Adventitious roots were formed on 50% 


riod of seedling establishment is passed, 
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This 
is strongly indicated by several lines of 
The 


effects of prolonged riga- 


should be practiced with restraint 


evidence. demon- 


the 


Eddy planting 


strated 


tion resulting in excessive vegetative 


growth with unseasonal and feeble seed- 
ing and ultimately in the death of most 
of the As 


i this planting was 


shrubs in their eleventh year 


‘ : 
far as can be learned, 


irrigated about once a during 
spring and summer from early May un- 
til fall, 


Coit dry-farmed planting, on the 


month 


along with orange trees The 


oTnel 


hand, has progressed more slowly but 


surely with normal seasonal seeding 


starting in the fifth year with light rain 


vears O! eight to ten inches This indi- 


cates that irrigation if needed should br 


applied synchronously with the growt! 


, , 
and seeding habit of jojoba 


that 


It appears 
one fall irrigation heavy enough to 


supply deep soil moisture and another in 
would unbalance the 


late spring not 


natural regin and would ruarantet th 
deep soll moisture required 1o! develop- 
and adequate 


shrubs \s 


deep soil moisture de 


ing ample root systems 


Vik lds of mature indicated 


above, ficiency ap- 
pears to be the leading factor accounting 


for seed failure in wild plants 


Spacing. Spacing should be commen- 


with the first full bearing decade, 


surat 


from 10 to 20 years, for this should be 


the period when capital and profit  re- 
urn. The Eddy planting with a maxi- 
crowth rate filled a 10 10 
10 years A 6~x 12-14 


spacing would allow room for row cul- 


Mul Toot 


spacing in 


1oot 


ture and provide more plants per acre, 
576 to 500, and should be 


dry-farmed methods If 


adequate for 


more space Is 
desired after 18 to 20 years, every othe 
plant in the row could be removed 
Inter-cropping could be practiced during 
the first six 


such 


to eight vears, preferably 


with crops as winter peas, chick 


peas, Egyptian clover, or other nitrogen 


fixers suitable -te- the winter-spring 


growing season 


BOTANY 


On slopes, like much of the dry-farmed 


grain lands of southern California, the 


rows should be contoured or terraced. 


This would probably mean Tewel plants 
per acre, but the preservation of soil and 
first 

The pollination experiment conducted 
at Aguanga the 


moisture is ol Importance 


during spring of 1957 
established the fact that poll Nn Is essen- 
No fruit de- 


veloped in flowers bagged just previous 


tial to seed development 


to pistil receptivity Male pollinating 


shrubs will, therefore, be necessary in 


plantings. Fifty pollinating shrubs pei 


acre has been suggested (5) This num- 


ber appears to be adequate, as pollen is 
produced abundantly, carried widely by 


the wind, and pollen time synchronizes 


The 


pollinators should by spaced according to 


well with normal spring flowering 


prevailing wind currents at flowering 
time. In the California coastal region 
this would be the seaward side of the 
planting, for the on-shore westerlies 
would then carry the pollen over the 
pistillate shrubs Where conditions are 


ideal, the number of pollinators needed 


would be less In any Case, an outside 


hedge of males around a field of females 
would have many advantages Pollen 
would then be available from any wind- 


ward quarter, the tall more robust males 


would act as protecting wind bri iks, and 


In ge neral they would be out of the wav 
of harvest operations. As with all other 
aspects oO] jojoba, howeve r., Manv prob- 


lems can be expected to arrive concern- 
the 


the 


ing the kinds, numbers required, the 


spacing, and effects of individual 
pollinators 

Pruning. Jojoba responds readily to 
pruning and shows growth improvement 
in both wild and cultivated plants 
Second growth plants following fire or 
cutting bette 
ally than others not so topped (Figs. 14, 
15, 16). 


monly littered with dead 


have much forms gener- 


Old unpruned shrubs are com- 
branches and 


lopsided with bushy crowth Plants at 
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the Boyee Thompson Southwestern Ar- 
boretum have been kept pruned to hedge 
form for many years without deleterious 
effects. As a cultivated form, the single- 


stemmed bush with an open clear base 


Until 
available, 


is most desirable desirable ge- 


netic forms are pruning will 


be necessary to control low lateral bush- 
with harvest, and 


ing, which interferes 


to shape the plant form suitable to all 


field operations 


For economy of oper- 
ation, machinery will have to 
the bulk of work No 
techniques have been developed but some 


Young 


Way he eut 


pertorm 


such pruning 


may be suggested lol 


bushy growth, for instance, 


by running over the plants with a disk, 
ahgned with 


disk 


this operation would also maintain the 


leaving only a few shoots 


the row If done with a border 


pyramidal border thus “assisting In 


shunting the falling seed away from thi 
plant stems 
The 


perience Of heavy 


Huntington Botanical Garden ex- 


pruning in conjyunec- 


tion with heavy yield indicates that 


pruning may be desirable t 


vield. Properly timed 


cutting possibly 


could concentrate Vi ld an arvest to 


every other vear with considerable 


harvest economy This would appear to 
occur 1 fohage were also to he harvested 


as In a mowing operation. Seed can be 
readily separated from leaf and hulls by 
fan and sereen, but handling the 
rial at the 


prove difficult without seed loss 


muate- 
proper drying stage may 
Many 
problems would eventuate in such oper- 
ations and will require the good minds 


and arts of the agricultural scientists 
engaged 


The Harvest. Thx 


product 


seed as a farm 


has been estimated to have a 
present day value of about 11 cents per 
pound as a sperm oil replacement and 
about 25 cents per pound as a hard wax 
(5). Even the higher figure of 25 cents 
per pound would eliminate jojoba 


crop 1 it Is to be hand picked 
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hand picking seed in 100 pound lots for 
1957 was 40 
cents per pound in Arizona and 25 to 33 
Although 
provide 


research purposes during 
cents per pound in Mexico 


cultivated jojoba would lmM- 
proved conditions for hand picking, it 1s 
whether it 
than 15 


would be excessive 


done tor 


and 


doubtful could be 


less cents this 


pe r pound 
Machine 


therefore regarded as prerequisite to eco- 


harvest 1s 


nomic harvest Various methods have 


been suggested. 

One is the shake-down machine re- 
cently developed for harvesting castor- 
(12) Othe 


devised for stripping or s! 


beans machines have been 
aking off bush 


As seed fall 


ing and I \ de grees 1n jojoba, such meth- 


berry crops (2) is linger- 


ods would re quire re peated pasasge s over 


the bushes and might be damaging 


Several machines that gather nuts off 


the ground bv sweep and suction are 


operating successfully in Califorma (1) 


‘he ground is smoothed and rolled be- 


pick-up operation Such new 


tools have already creatly idvanced the 


prospects Ol engineering comparable 
l: r saver large lree- 


lor jojoba Phe 
outlook for 
de- 


walting 


enhance the 


seeds 


jojoba Field-cleaned seed could be 


livered from the harvester to the 


truck for a few cents per pound. Such a 


machine appears more immediately 


practicable than to await anv ae netically 


selected Variety devised lor 


’ ) 
ing, as the racemose cluste! 


Conclusions 


Joioba has not vet had a fair trial as 


a cultivate. The Coit planting at Vista 


first to use progeny from culti- 


stock. The several first attempts 


to cultivate at Harlingen, Texas, at Tu- 


and Florence in Arizona, and at 


Murrieta in 


cson 


Riverside and California 


show more failures than the 


at Vista 


successes 
Botanical 
However, the failures ar 


and Huntington 


Gardens. due 


2Q4 ECONOMIC 
more to lack of knowledge and atten- 
tion to the plant than to its own natural 


limitations The plant rs gene rally have 


not realized the sensitivity ol the seed- 


the slowness of healthy growth, its 


soil requirements, the delicate balanes 


with water, and the great difference in 


genetic endowment between individuals 


ind populations The nature Ol ti 
plant does not lend itself to the easily 
discouraged enthusiasm that naively 


seeks fortune on a chemical promise with 
wax a password to a 
To be a 


ioba needs more than 


as 


farming utopia 


successtul cultivated crop, ]0- 


a profit motive for 


MuU1dancs It needs the solicitous skill 
of an intelligent hand, learning as it 
works, to lead through the first several 
generations of plants. These first trials 
wit! jojoba are of great value to the 
serious student, the demonstrated fail- 


ures especially so 


There are several hirst-steps necessary 


for the jojoba and t] 


Wi 


adomestication ol} ey 


all need doing at ones have taken 


stock Ot its Wwe iknesses and have indi- 
cated its strength. The inherent vari- 
ability of the plant is perhaps its great- 


est asset Which of ral hundred 


fitted 


the seve 


genetic constitutions are best lol 


development and exploitation can only 


be determined by trials in several geo- 


graphic environments. As first, second, 
and more generations are tested by 
plantings, the great majority of indi- 


fail for lack 


that fit 


viduals can hye expected to 
The 


then be 


ol proper characters. Tew 


requirements can improved 
hrst 


can provide stocks for the spec ial agro- 


by further selections, while thy best 


nomic problems involved If we are 


fortunate in having a very broadly rep- 
resentative base from which to 
first 
obtained more rapidly than if 


started 


genetic 


select the successful selections 


should be 


we with incomplete 
field 
costly in the beginning, would prove an 


the The 


genetic 


stocks Thorough work, though 


economy in long run erratic 


BOTAN \ 


fruiting of jojoba under natural condi- 
tions increases the cost and difficulty of 
Initial selection 

Jojoba appears to offer vood renetic 
lol 


promis a cultivated stock capable 


of yielding many times the wild produc- 


tion of seed, as agronomists learn how 
to culture and feed the potential Con- 
sidering the many amenities that could 


fall to man by the cultivation of jojoba, 


it appears that) government or 


dedicated 


any 
other 


Institution to posterity 


could find a very rewarding protégé in 


jojoba Howse ver, because Ot its relue- 


dragon character, it should be 


tant en- 
tertained as a tree crop It is the kind 
of thing, which if successful a man 


could plant for his sons. Its present 
prospects fully Justify it as a research 
project, 10! tive economic prospect ls 
lara Few indeed are the native Ame r- 
ican plants which we can lay claim to 
making into cultivates Jojoba may 
well try our prowess but as agricultural 
researchers We should not lwnore it 
Teleologically, we can sav that 1o}oOba 1s 


asking lor it 
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Industrial Raw Materials of Plant Origin. IV. 
A Survey of Simmondsia chinensis (Jojoba) ' 


P. M. DAUGHERTY? H. H 
I. Introduction 
Simmondsia chinensis This desert 


shrub of southwestern United States and 
Mexico, commonly known 
val- 


Simmondsia, is potentially a 


It 


very 


uable plant s value as a browse spe- 


cies in the desert regions has long been 
recognized, but only in fairly recent 
years has the vast application of the 
products of this plant been indicated 
Most of these uses, which are as yet 
unexploited, originate from the liquid 
Wax that comprises about fifty percent 


{ 
4 


of the dark brown see 


II. History 


The plant is known in botanical lit- 
erature as Simmondsia chinensis (Link) 
Schneider of the family Buxaceae, as 
well as Sammondsia californica Nuttall 
(45, 46,49,53). The first of these names, 
being based on the first specific name 
that was given to the plant, is the cor- 
rect one botanically although it perpet- 
uates an error ol geography It is also 


known by various vernacular names in- 
cluding bucknut, bushnut, coffee berry, 
coffee bush. goat-he ry, goat-nut, hohowil 


(the original Indian name), jojoba, jo- 


jobe, jojove, nutbush, pignut, quinine 


' 


1 Re printed by permission of the authors and 


the Engineering Experiment Station, Georgia 
Institute of Technology. This article was se- 
lected to accompany the loregoing arti le in 
order to give as complete information as possi- 
le on jojoba. Only portions of this articl 
have been selected for reprinting, and for full 
details, Bulletin 17 (Vol. 15(13) : in +1-36. 1953) 
of the Engineering Experiment Station should 
be consulted Ed 

2 Present address: Senior Research Chemist 
Scripto Ine P ) Box 4847, Atlanta 2 Georgia 
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nut, sheepnut, and wild hazelnut (3, 8, 
9, 19, 22, 25, 33, 39, 51, 55, 62). The 
first mention of the shrub in literature 
was by the Mexican historian Francisco 
J. Clavijero, who found that Indians of 


Baja California highly prized the fruit 


of jojoba for food and the oil as a medi- 


cine for cancer and kidney disorders 
(21). The Indians in Mexico also prize 
the oil as a hair restorer (23, 62) 

Link (41) first deseribed this plant, 
which he thought had been collected In 
China, in 1822 as Burus chinensis. He 
failed to report it as being dioecious, as 
have numerous authors since (30). The 
name Simmondsia californica was as- 


signed to the plant by Thomas Nuttall 
who collected specimens near San Diego, 
California 


“In 


monds, 


Was chose n 
William 


and natural- 


*Simmondsia”’ 


memory of Thomas Sim- 


an ardent botanist 


ol 


“californica” de noting the 


(49, 62) 


i.” ty pe 


} 
| 
i 


, 
lOCaAlity 


III. Characteristics 
Oil. 


unique among plants 


Simmondsia 
that 
a liquid wax 


Simmondsia is 


in its seed 


contains an oil which is 
(for convenience hereafter referred to as 
lat 
ters of long-chain fatty acids with long- 


chain monohydroxy] 


oil) rather than a (Waxes are es- 


alcohols, whereas 
fats are esters of long-chain fatty acids 


with glycerine.) The oil content of the 


seed does not decrease upon storing ove 
a period of several years, and the prop- 
erties of the The oil 


of Siummondsia seed can be obtained by 


oil are not altered 


conventional means (i.e., expression and 


or solvent extraction) and is a light yel- 
unsaturated | 


low liquid of unusual sta- 
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bility Phe oil is obtained in a remark- 


ably pure state and requires little or no 


refining for use as a transformer oil, a 


lubricant for machinery ol 


high-speed 


machinery operating at high 


further 


tempera- 


¢ 


processing to obtain 
| 


ture, or {ol 
thre irious other 
6, 40, 


expression or 


potentia products (4, 
$3, 58) The 


extraction of the oil 


residual meal from 


con- 


tains 30-35% protein and is quite ac- 


ceptable is a livestock feed material 


Its use in plasties has also been advanced 
(9, 26, 40) 


rancid; it is 


Simmondsia oil does not 


becom not damaged by re- 
peated heating to temperatures ol above 
285° C ol by are 4 10! 
The 


short 


heating to 


tour days color is dispelled DY 


heating for a time at 285° C.: the 


oil does not change in viscosity appre- 
clably at high temperature and requires 
iittle refining to obtain maximum purity 
(3, 4, 6, 9, 23, 40, 43, 46, 64) 


material resembles sperm whale oil both 


Since the 
in composition and in- properties, it 
a replacement Lol 
this oil (7, 8, 14, 15, 


should serve well iis 

the applieations ol 

23, 34, 46, 61) 
Simmondsia oil can be hydrogenated 


easily a hard white wax (hereaftet 


referred to as hydrogenated wax, solid 
Wax, or wax) that has a melting point ol 
about 73-74° C is second in hard- 
(27, 40, 45) [t 


has been suggested that this wax may hye 


and 


ness only to carnauba 


made as hard as carnauba, and it should 


serve well in wax formulations to replace 
(10, 27, 45) 


Simmondsia is a 


various imported waxes 
oil of 
both 
unsaturated long-chain 
(45, 46, 57, 5&8) 
for sulfurization§ to 


In addition, the 
saturated and 
fatty 
The oil is also 


potential source Ol 
acids or 
aleohols 
suitable produce 
lubricating oil and a rubber-like materia 
(factice) suitable for use in printing ink 
and linoleum (28, 29, 66, 67) 

In 1910 a 
pharmaceutical experiments and a 


report: Was made on some 


pre- 
liminary analysis of the seeds of Sim- 


mondsia, but actually it did not estab- 
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the Composition ot 


nl (50) 


Foster oe at the 


and 
niversity ol Arizona, became int 


Cire ene 


eresteqd 
Oll because Of numerous references 


rABLE I 


HEMICAL PROPERTIES Of 
rondsta-skED Liquip Wax * 


AND ( 


(mount 


CGilvcerol None 
Oleie acid 0.66%: 
Palmitolei 


Saturated 


reid 
vids 
cid C 
wid (C 
Cao) ** 


Docoseno .: ** 


Melting 
Soliditving 
Flash 
Fire 
Viscosity 
Viscosity S.| 
Viscosity 
Davis) 
Color 
Cor 


strip 


Eicosenou 
Docosenol 


point 

point 
point (C.O.C 
point (C.O.C 
SU. at 100 
it 210 
index (Di 


number 
os1on ut. 

10° ¢ 

0.01 

1.4648, 1.4650 

0.8642. 0.8990 

0.8635, 0.8640 

95.0, 165.7 
0.32, 0.57 


S84 


Pou 
Carbon residue 

tefractive index 

Density at 25° C 
Specific gravity 25° /25° C 
number 


point 


Saponiication 92.2 

Acid number 0.23 

Iodine number (Hanus) S17 

Acetyl number 68 

Reichert Meissl number 

Polenske number 

Unsaponifiable 

lodine number of 
fiables 

Acetvl 
fiables 


Soluble 


matter 
unsapont- 


number of unsaponi- 


iids (as butyvri 
Insoluble ti ids 
lodine 

i ids 
Acid 


ii ids 


number of total fatty 


number of 


* References cited: 32, 33 


** The chief icid, elcosenok 1 reported 
double bond between the 11 and 
chiel 
13.14 position The othe 


unsaturated in 


have the 


carbon toms; the ileoho docoseno 
unsaturated in the 
leohol eicosenol Is probably 
the 11,12 position. Th 
bond in the 
lished but it has been suggestec 


1 
wid (unsaturated in the 13,14 


position of the doub 


docosenoik iwcid Was not estab- 


that it is 


erucn position) 
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to its and 
first 


fact that the fatty matter of Simmondsia 


medicinal 
Their work was the 


culinary uses 


to disclose he 


seed was a liquid wax, and they sug- 


vested that. because of this. it might 


have some value for lubricating pur- 
Further then 
undertaken on the analysis of the oil 
The ol the 


composition made in England by Green, 


poses Investigation Was 


results determinations of 
Hilditech, and Stainsby (32) and in this 
country McKinney 
(44) published 
time 
Table 


ical and chemical properties of the oil of 


by Jamieson 


the 


and 


wert about same 


I summarizes the reported phys- 


Simmondsia seed 


Simmondsia oil is soluble in common 


organic solvents such as benzene, 


pe- 
troleum ether, chloroform, carbon tetra- 
chloride, and disulfide but is 
immiscible with aleohol and acetone. 


carbon 


In spite of the unsaturated nature of 
the oil it is not easily oxidized and does 
not rancid 
for long periods of time 
j 


aer 


become even after standing 
Howeve r, un- 
the may be 


made to react with sulfur to yield a sta- 


proper conditions oil 
ble product containing a relatively large 
amount of sulfur, which serves well as a 
lubricant or as an additive to lubricants. 
An improved high-pressure gear grease 

sulfurized 
the 


able on the 


oil 
record- 

Auto- 
lubricant 


containing Simmondsia 
highest 


S.A.E 
Engineers) 


sustained pressure 


(society of 
motive pressure 
(16, 29, 66). 


Simmondsia oil has several advantages 


testing machine 


over the similar product from the sperm 
whale: 

1. It possesses no fishy odor; Sium- 
mondsia oil has a mild, pleasant odor. 

2. The crude oil contains no stearins 
and very little besides the liquid wax, so 
little 
it for most industrial purposes 


is native to North 


requires or no treatment to pre- 


pare 


3. It 


America and 
vegetable product, and as such 
to the 


Is a 


supplies would not be subject 
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vagaries of nature to the extent that 
sperm whale oil is. 

With reference to the sulfurized prod- 
uct: 

4.Simmondsia oil will take up much 
larger amounts of sulfur than will sperm 
whale oil or lard oils (about 25% more). 

5. Stmmondsia oil does not darken to 
the same extent as other oils on sulfuri- 
zation 

6. Highly 


mains liquid, whereas sperm oil, when 


sulfurized Simondsia re- 
highly sulfurized, requires mineral oil in 
order to keep it a liquid (66) 

Other Products. 
ditions of the 


By altering the con- 
Sim- 
be 


material is 


addition of sulfur to 
mondsia oil, a so-called facticc 

This rubber-like 
for linoleum 
ink 
suggested as 
paint 
chewing gum industry 


may 
obtained 
suitable 
printing 


manufacture and 


and has been 
a valuable material for the 


the 


composition 


industries and 
(28, 46, 67) 
The liquid oil is transformed 


and varnish 
into a 
hard white crystalline wax upon the ad- 
dition of hydrogen, using nickel-coppe1 
catalyst and relatively mild tempera- 
tures and pressures. This solid wax has 
been shown to serve well in polishing 
wax formulations. 


ish 


A furniture wax pol- 
composition of hydrogenated Sim- 
mondsia wax proved to be equal to or 
superior to some of the popular polishes 
the market The results 
were obtained with an automobil 


now on same 
Wax 
composed ol hydrogenated Simmondsia 
wax. Insufficient experimentation has 
been conducted to establish the potenti- 
alities of this product from Sitmmondsia, 
It should be applicable in the many fields 
that require hard waxes. Since this wax 
is of high purity, it has been suggested 
that it would be advantageous to utilize 
other waxes as extenders in its composi- 
(2, 31, 40, 45, 46, 56, 58). 


The desirability of further investiga- 


tions 


tion of this wax, which could be produced 
in desert of the United States, 
is apparent in view of the fact that this 


sections 
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country is dependent upon foreign 
sources for all major vegetable waxes of 
commerce, Furthermore, no known wax 
yield, an 


amount of wax comparable to the large 


source yields, or promises to 


quantities that could be obtained from 
Simmondsia, 
In addition to these products, Sim- 


mondsia offers a souree of numerous 


other materials. Among these are the 


two long-chain monoethylenie normal 
alcohols and acids and the correspond- 
ing saturated aleohols and acids. These 
compounds are not readily available at 
the present time (common fatty acids 
contain 16-18 carbons and other common 
waxes do not contain large amounts of 
Coo and Capo 


and so their uses have 


straight-chain alcohols), 
been exten- 


However, the uses 


not 


sively investigated 


of the aleohols in cosmetic preparations, 


in food preparation (as emulsifying ag- 


ents), as detergents or wetting agents 
(as sulfonated material), and lubricants 
have been considered and show promise 


of great value. The alcohols have also 


been proposed as possible competitors 
of cetyl aleohol in petroleum products, 
as well as in the previously mentioned 
There are various patents issued 
of the derived 
from Simmondsia oil that attest to their 


410, 43, 57). 


The long-chain acids might have value 


uses 


to cover uses alcohols 


potent ial value (27, 


in the preparation of soaps, although in 
all probability they would not prove to 
be as valuable as the other products. 
Apparently there is no reference in the 
literature to conversion of the wax acids 
of Simmondsia seed to the alcohols, but 
it should be possible, by adjusting the 
conditions of hydrogenation, to convert 
the oil (including the acid components) 
to the 

tire oil 


In this manner the en- 
utilized for the 
aleohols if the acid 


alcohols 
could be prep- 
aration of 
were found to be of little value 

A considerable number of other unique 
chemical products is apparently avail- 


portions 
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able through reactions that are possible 


because of the chemical nature of the 
wax, alcohols, and acids that are avail- 
able from the seed of Simmondsia. The 


development of these products will have 
to await the production of Simmondsia 
oil in large enough volumes to insure an 
adequate supply and to make feasible 
their investigation by industry 

The digestive systems of animals are 
not make use of Waxy 
and so the oil of Simmondsia 


constructed to 
materials, 
food Howe ver, it 


is not suitable as a 


has been suggested for use as a dressing 
for those 


but 


people who enjoy rich salads 
who wish to avoid calories. It re- 


pleasant taste, but if 
than small 
effect 
quality makes the oil a 


medicinal 


portedly has a 
taken in 
will have the same 
(46) This 
suitable carrier for 


more amounts it 


as mineral oil 


prepara- 
tions that must pass through the stom- 


ach into the small intestines before as- 


similation. It has also been found that 
Simmondsia liquid wax is useful in the 
stabilization of penicillin products. In 
fact, it has been shown to be the best 
liquid wax for this 
preparations of penicillin are also suit- 


purpose These 
able for hypodermic injection (36, 40, 
46) 

Simmondsia oil has been shown to in- 
hibit the hydrolysis of vitamin A ester 
(65) and to have an intense inhibitory 
action on the growth of tubercle baeilli. 
“The virulent Mycobacterium tubercu- 


} 


losus when put in contact with the oil 
did 
dium” (1). In connection with this lat- 


ter fact, N. T 


Simmondsia should be valuable in study- 


not grow in the usual culture me- 


Mirov has suggested that 
ing the penetration of bactericidal 
the 
baeilli 


agents 


through waxy sheaths of tubercu- 


losis The liquid wax stored in 
Simmondsia seed is utilized during ger- 
mination as fats are in other plant seeds; 
Mirov feels that 


henee, the seeds must 


contain an enzyme capable of hydrolyz- 
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WHXeCs AS LIDASE nt seed fats 
This enzyme may be capable of destrov- 
coating of tuberculosis ba- 


46 ) 


ing the wax 
eilli (1, 45, 


IV. Economic Potential of 
Simmondsia 


Markets Products. 


There seems little doubt that markets 


for Simmondsia 


t! DT! could be developed 1 


oducts 


the material were available in suitable 


quantity at a reasonable price, since it 


nas Heel by re 
$5,000 


could be 


estimated presentatives ol 


Industry that fons per year ol 


Siammondsia ol used im this 


country Chis estimate includes all uses 
where the ol and derivatives of the ol 
WOuld D6 ised as replacements tor e@s- 
tablishe materlais and iiso, other new 
uses Whit Industrial organizations be- 
1eVve WOUId De aeve oped ones Tlie a] 
was made available 

The price received tor the oll WOuld 
depend upon the price its various prod- 


ucts could command. Sufficient informa- 


tion for a detailed cost analysis on each 


of the uses of the oil is not availabl 


Howeve1 several estimates have been 


made whicl present basis for 


considered pre 


SOIT 


judgment estimates should be 


howevel 


ary, SIne 
many Of the potential users contacted 
have been unfamiliar with the material 

One oi the 


uses oO] airect 


In the 


the Oil ls as a 
replacement for sperm whale oil 

20 
brought into this 


») 


about Z 


past years the volume of sperm oil 
country has ranged 
pounds in 1932 to 
1951: These 


lo! 


Irom million 


about 43.5 million pounds in 


volumes are the totals of MmMports 


consumption and United States and 


Alaska 


years 


production During the 


(1941 


was cut off almost entire ly 


Wal 
45) the supply of sperm oil 
since whaling 
expeditions to obtain the material wer 


This 


ating price and supply history of sperm 


not feasible factor and the fluctu- 


oil have led to interest by 


Industry In a 
This 


, 
a replacement 


dome stic source ol 
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Interest Is evidenced in the estimate 


presentatives ol 


Industria 
] 


Ol} 


100% in this 


made by re 


organizations that Simmondsia could 


sperm 
country Chis, of 


Oll up to 
course, is based on a 


lor the Ol competitive with that 


of sperm oil 
The potential lor Simmonds 


demand 


ad ois in- 


creased by thre possible tor thie 


including 


nyarogenated wax Various uses 


this material Its probable DoO- 


sition as a replacement for carnauba 
wax, indicate relatively large volum« 
potentialities The extent to which 
the wax can replace the volume of car- 
nauba and other waxes used Is ques 
tionable at this time, but preliminary 
estimates have been mad It has been 
estimated that, if the hvdrogenated wax 
Wl replace carnauba wax, a market of 
10 million pounds per year at half the 
price of carnauba is feasible Con- 


versely, 1f the wax will serve only as an 


extender for carnauba, the potential 


volume has been estimated at 20‘ ol 


arly carnauba volume at about 


half the carnauba price Samples ot the 


hydrogenated wax have not been readily 
available The interest ol the Wax 1n- 
dustry in this hard wax, however, is 
apparent since numerous requests Lol 
samples have been received. Samples of 


the material should be made available 


and after distribution to industrial or- 
ganizations for evaluation much bette 
estimates should be available as to the 


volume potential of the hydrogenated 
Wax 

The estimated price at which the hy- 
drogenated wax would have to sell, one- 
half the 


It competitive with 


carnauba, would make 


candelilla 


price ol 
and ¢ar- 
It has also been suggested that 


this wax might be 


nauba 
competitive with ouri- 
SOT 


] 


considerations 


curl lol uses These price and vol- 


ulne indicate a substan- 
tial market for the hydrogenated Wax Ol 
Another 
] 
| 


in general, domestically produced 


s mmondsia lactor ot interest 
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Competitive 


imported 


Waxes, since i¢ 


would not be subrect 


‘tuation in supply and 


oO the volume | 


lat might be required tot 


» and Coo alcohols and acids 
} 


avallable since these materiatis 


yroduced in commercial quant 


l- 


However, an indication 


btained by compari- 


aleohol for whie 


Hbeen suggested is 


ements ze Nol las SOG 


number { al for about $1.50 


pound onomie Teasipblltyv of 


mols trom Aw 


established 


materh 


economic e\ 


Cour st are 


contingent experimental 


quantities ol avallable 


aemand ] recent 


The expanding 


lor detergents and gents 


ineed to! stable Soul 


the starting materials used 


present, a relatively large volume of 


tergents Is processed trom imported 


materials The extent to whi 


Sia Ol could he used Io! 


would depend, of course, 


post 


Cconomics involved However! 


considers the volume of detergents and 


wetting agents which is derived Irom 


similar to the 
100 million 


pounds trom sulfonated aleohols and 44 


materials that are compo- 


nents ot Sip monds a (about 
sulfonated 


(47), it can be 


million pounds from 


lats, 


W&aXes, 


and acids} said that 


is another field in which there are 


potentialities which are definitely 
worthy Of investigation 

The potential for Simmondsia oil for 
Ust In ls probably 


producing a Tactics 
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one, but 


Would probably 


follow 1 1) il y vallable on the 


market 


One bvproduet 


hnould be ot ps 
A 


WvestocK prodaduc- 


lant is known 


Is the resiadua é The meal 


} 


would ty I 


obtained alter tl li had been 


qa meal, 


extracted 


COll- 
Msc 
supplement 
the 

nseead mea 
Volume demand 


vould | 


ve speculations: 


Ol othe 


istory 


seems lkel 
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SUPPLEMENTARY NOTES ON JOJOBA UTILIZATION 


1) \\ H Hodge 


ermission to publish 


has kindly given 
as supplementary 
notes material which he 


had in his files 


on the itiliza- 


request) the 


properties and possible 1 
\t 


Utilization 


t10n ol jojoba oll 


US.D.A. 


his 


Southern Research 


Branch made extracts of th jojoba 
seed (Fig 1 & 2), and several analyses 
indicated that there are several interest- 
ing possibilities based on the principal 
components of the oil which are not men- 
tioned in the foregoing article 

The oil is an excellent source for th 


chemicals listed below: 

I. CHs(CHe)7CH : CH(CH,»),COl 
Il. CHs(CHs);CH : (CH.),,;COOH 
II. CHatt 
IV 


Ozonolysis would give (at low cost) 


Interesting long-chain alde hydo-aleohols 


and aldehydo-acids Ozonolysis fol- 


vield the fol- 
lowing potentially valuable 


lowed by oxidation would 
compounds 
(which are not available from commer- 


cial vegetable oils): 


From te A Ch 


11 dibasie acid (one 
more carbon than sebasic 
Pelargonic acid 

A Cy, dibasic acid. Pelar- 


gonic 


acid a 
is 


| rom 


acid 


From III: An ome ga-hydroxy Ci 
acid. A C,, dibasic acid 
(on further oxidation) 


Pelargonic acid 


)H 


‘H.);CH : CH(CHz) CH: 
CH,(CH.);CH : CH(CH,),,CH.OH 


From IV: An 


omega-hydroxy Ci3 


acid \ (* dibasic 

acid (on further oxida- 

tion) Pelargonic acid 
While pelargonic Is a material of 


value, the hydroxy acids and the dibasic 
acids listed above should be of much 
greater value as intermediates for mak- 


Ing synthetic lubricants, low-tempera- 
ture plasticizers, tough fibers and pl 


as- 
tics of the nylon tyyx and heat-resistant 
rubbers 

Similar products could be mad 


ol 
30.3% 
14.2% 
14.6% 
33.09 


kicosenoie acid 
Docosenoic acid 
OH 


Kicosenol 


| doCOst nol 


IT] 


glycols 


course, from the alcohols, 


In addition, the C,,; and C, 


HO(CHs),,OH 
HO(CH,),,;0H 


could be made re adily These nave 
several obvious potentialities both in 
peace and in war. 


Dibasic acids having an even number 


of carbon atoms, such as sebacie acid 
(10 carbons), are advantageous for 
some purposes, whereas the odd-carbon 


dibasic acids 


are 
Both 
dibasic acids could 
For 


of the eicosonic acid followed by reduc- 


preferable for other 


even- and odd-carbon 


bye 


example, ozonolysis 


purposes 


made from Sim- 


) ] 
monasia§ Ol, 
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Harvested seed of jojoba. Simmondsia chinens 8, pote ntial source o 


(Natural size 


nol 


ol 
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ion would vield omega-hydroxyundeca- 


acid. Dehydration and oxidation 


this acid would gv1ve sé bacie acid: 


HOCH.CH.(CH,) sCOOH — 
CH. : CH(CH,) sSCOOH > 
HOOC (CH,) ,COOH 


d from cold hydrauli 


tair 
Taine 


industrial products obtained from 


BOTANY 


Beeause these valuable products and 


many others that could be pre pared from 


Simmondsia oil would not be competi- 
tive with those from conventional! oils 
and fats, it seems possible that the Sim- 


mondsia plant is a potential new crop 


ol great interest 


oioba seed it left Gin vial) the vellow o 
s iht the white hvdrogenated wax Nat 


Isolation of Constituents of 

Glottidium vesicarium 
The toxic plant, Glottidium vesicarium, has been im 
vestigated for the presence of various constituents, and 


the isolation of three phytochemical constituents from 
the mature seeds has been described. 


N. O. NUESSLE ! ann W. M. LAUTER? 


The seeds ol (riott i ‘i restcariun \ ited ind In pastures Its tppearance 
(Jacques) Harper have been shown to be during the spring and summer is similar 
toxic to farm animals (2, 4) Tests per- to that of the cover crop, sé sbania mac- 
formed on the dried seeds by Foote and ocarpa, and asa result, It may grow un- 
Gramling (5) indicated the presence Ol detected Some ranchers knowing that 
saponins and the absenee of alkaloids livestock will seldom eat it as long is 
They succeeded in isolating two sapo- they have ample forage, allow the plant 
genins in very small quantities. Inas- to grow freely in pastures during the 
much as this annual weed is widely dis- summer for the shade it offers to the 
tributed throughout Florida, it was grasses. It is usually in the winter, when 
decided to screen the plant and its seeds severe weather reduces forage or when 
for various plant constituents and to pastures are overgrazed, that cases of 
utilize several different procedures (3,7,  polsoning among cattle, sheep, hogs, 


10) in order to obtain the sapogenins i 


1 youts, and even chiekens have been re- 
larger quantities ported (11). 

The annual weed often attains a height Most farmers and ranchers in Florida 
of 6 to 12 teet and has erect stems with do not consider the Bagpod to bed inger- 
several wide-spreading branches The ous since animals seldom eat it How- 
pods (usually containing two oblong = ever, 1f one animal in the group begins 
seeds nearly 12 mim. long) are elliptical, to eat the seeds, the others will also 
pointed and bulged over each of the even though the pasture contains umnple 
seeds. These pods remain on the branches lorage The death of 25 cattle in one 


} 


long after all the leaves have fallen and herd during the fall of 1952 illustrat 


ites 
may be re sponsible for the plant = coMm- this occurrence Expr riments conducted 
mon name, Bagpod as a result of these polsonings showed 
The weed, while generally found grow- that one pound of the seeds was enough 
ing along streams and drainage ditches to kill a 672-pound steer (12). Thus, the 
in rich soil, is frequently found on higher Bagpod represents a great, potential 
land in fields which were formerly culti- hazard to all raisers of livestock in the 
' Graduate assistant, College of Pharmacy coastal plain of southeastern United 
University of Florida States 
2 Professor ol Pharmaceutical Chemistry 
University of Florida Experimental 
a sashes seth shade po ott pclae : pa Collection of Plant Material. Thi 
Professor Erdman West for his valuable aid in green Immature plants, which were grow- 
obtaining the plant material Ing in semi-shaded, sandy loam. wer 


ECONOMIC 


ear Gainesville, 


September 1954 Phe 


material 


divided into three groups: roots, 


: : : 
and seeds, and the remainde! 


above-ground portion ol t hie 


(hencetorth ‘alled leaves and = stems) 


Some of this material Was used immedi- 


ately for crude drug analysis, while the 


15 until used 


green seeds wert 


rest Was stored at 
The mature also col- 
lected near Gainesville, 


be r, 1954, 


sandy 


Florida, in Octo- 


from plants growing in semi- 


shaded, loam The seeds were 


removed immediate ly from the pods and 


} 
] 


until extracted 
Crude Drug Analysis. 


plants wer 


stored at 15 
Samples Of thie 
sub- 


Ad- 


ditional sample = were dried in a ecirculat- 


immediately 


immature 


ected to moisture determinations 


alr oven ior the other assays Phe 


results of these analyst s, which were per- 
formed as directed by the U.S.P. XV (6) 
and N.F. X (8), are Table 
Constituents of Immature Plant. Thi 
three 


shown 1n 


} } 
groups Of plant materiais were 


coarsely ground and extracted with 95 


percent ethanol in a modified Soxhlet 
extractor. Two hundred grams of each 


group of material were extracted and the 


extracts mad 


] 


up to the volume of 1 | 


with 95 percent ethanol for saponin and 
flavanol Aliquots of 


testing These sO- 


lutions representing 5 grams were « 


orated to dry ss and the residues 


solved in 25-ml. portions of 


TABLE I 


Crupe DruGc ANALYsIs 


Determination 


Moisture 

Total ash 

Acid insolubl 

Crude fiber 

Ether soluble extr 
Volatile 
Nonvolatil 


66.36 53.60 
3.09 14.70 
0.12 10.89 


39.09 37.30 


Org 


BOTANY 


O15 
0.25 


0.10 


0.11 
0.00 
OLUOS 


ered ug! a sintered 


These solutions were used 


testing tor the presence OT alkaloids, tan- 


nins, organic acids and phenols. Chiloro- 


form solutions prepared in the sam 


manner were used for tests unsatu- 


rated sterols Che results of 
are summarized in Table II 
In addition to these tests. the extracts 


Wall's 


Bamford’s procedure 


were examined for saponins by 
(10), 


sulfurie acid, 


method 
} rohae = reagent, 


Wit! 


acid and ox bile 


sulluri 
Cave results 
moderate 


Varying trom 


Oniv the root extract gave 


positive test with sulfurie acid and ox 


bile 
erude 
Wall's procedure (9) 


the isolation of 


The isolation of sapogenin ace- 


tate following and 


saponin using barium 


} 


both unsuccessful 
()ne 


hydroxide (7) 
Constituents of Mature Seeds. 


were 


kilogram of the mature seeds Was coarsely 
ground and placed in 2 1. of hot 


cent ethanol. After thirty minutes 


ml. of water was added, and the mixture 
was allowed to macerate for two 


Afte! 


shaker for 


nours 


being agitated in a mechanical 


four hours and macerating 


overnight, the extract Was removed by 
mare extracted 
Both Ol 


tests with sulfuric 


filtration and the 


ond time these extracts gave 


positive acid and sul- 
furie acid and ox bile 

The two extracts were combined and 
concentrated at room temperature to 125 
ml. As this 


samples of concentrate 


Show 
rotat 
miixtt 
volun 


cent! 


formed 


utes 


refluxes 


lutior 


With 
vield 
Ing 


and 


Additional 


lrom 


two-week 


mann 


terial 


to 202 


bye en 
fluxed 


met! 


treatment described, it 


Transmission 


% 


\ 


anol and 50 ml 


ISOLATION OF CONSTITUENTS 


diminished 
upon acidification with HCl, a 
ol HC] 1 
idded to the con- 


} 


cf appreciably Oop 


1On 
ure 5 volumes of ina 
I water Was 


re moved 


uted extract e precipitate whic! 


Wiis alter thir 


ty 
1C » and 


+} 


l 1iin- 
| 
After 
Was mace 
| 


i 


dissolved 


| 


t 


in méthanolie 


for three hours le sO- 


) had cooled, it 


NaQH 


alkaline 
an thoroughly CX- 
Evaporation ot the 
{which was washed 
This 


meit- 


249 


vacuum 


I, 


between 


Constituent 


| 


d 15.6 mg. o 


+ 


cit composition 


pre Cipitate = were obt 1ined 


the acid mother liquor during a 
period ; were combined 


yreviously deseribed 
18 
Constituent I] meltec 


» 


er, vielding ng ma- 
1 from 201.5 


W ith decomposit Ion 


‘semi-solid residue, which remained 


hye | 
‘ 


original combined extracts hac 
concentrated and 
mixture 


Ol 


W - 


filtered 
200 


is Ir¢ 


With a of ml 


HC] 


Was Washed 


tl 


After th } 
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carbon tetrachloride and t 
Upon 14.8 


I11, decomposing 
obtains ad 


»wWwith water 


drving, meg Constituent 


Infrared Spectra 


Infrared spectra ot chloroform § solu- 


tions of the three isolated products 


We 
el \lode] 21° 


? \ 
( \\ i 


Perkin-ElIn 


spe etro 


obtained 

In 

dium chloride 
The 


3.180 ¢ 


On a 


, . 
lrared photomet ~O- 
} 
t 

absorption | 


MIsth 


» 


mands S00) and 
) 1 } \ +} 
mn show the preser 


! 


i 


droxy] group and the possibil 
hie 
a ] 


e one it 1. OOO 


hitrogen-hyad 
1.740 1.700 


carbonyl lunction, W! 


oven bon re 


to em IS mMmdicative ol 


Cl re 


may a carbon- 


Oxvgen bone or a Ci bond 


he molecule a simple one 


rather that it is 


Ol a complex nature, 


+} t 


indicated ‘ 
1.300 and 1,050 em 


While the 


spectra 


l= lie absorp 


1On 


great similarity of the 


suggests the poOssl tl 


| “7 
is t 


bility 


ree compoune ( entical 


Variations are seen to exist in the carbon- 


hydrogen streteh band and peaks at 
1,105 and 1,130 em The 


( al 


iiations, 


i 


a 


8 


9 


Microns 


INFRARED SPECTRUM Of 
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BOTANY 


LY, ~) (} 


i i 


INFRARED SPECTRUM OF 


differences in melting 
points, might be explained on the basis 
the smal] 


amounts OI Impurities, 


as well as the 


of isomerism or presence of 


Summary 


1. The results of crude drug analyses 
and screening tests for various plant con- 
stituents in different parts of the plant 


are reported, and attempts to isolate 


1500 


ie) 9 
Microns 


CONSTITUENT II 


both saponins and sapogenins are dis- 
cussed. 

2. The isolation of three constituents 
from the mature seeds is described, and 
the infrared spectra of these products are 


discussed. 


References 


Poisons. Their isolation and 
3rd Ed 1951 Lp. 199] 
and Hardy, Ww. Tox- 


1. Bamford, I 

identification 

Boughton, I. B 
-1 


1000 


\ 


% Transmission 


[rv | 


INFRARED SPECTRUM Of} 


Microns 


Ii] 


CONSTITUENT 


ISOLATION OF CONSTITUENTS 


the 
cara) for sheep. Jour 
Assoc. 95: 239 1939 

Djerassi, C., Geller, L. E 
Terpenoids. I. The 
cactus Lematreocereus 
Am. Chem 75: 2254 

Emmel M W The 


esteartiim (Jacq ) 


Ain Vet 


Pel 


(Am 


itv of coffee bean 


sbanta €R1- 

Vet. Med 
and Lemin 
of the 


triterpenes 
Thurber 
1953 
toxicity of Glottidium 
Harper 
Med. Assoc 


Soc 


for cattle 
Jour 104: 222 
1944 

Foote, P \ 


Investigation 


, and Gramling, L. G. A chem- 
of the of Glot- 
Jacq ) Harper 


Ed. 29: 


1¢ il seeds 
Miia ( 
Am 
1940 
irmacopera 
Rev. 1955 

Rosenthaler L 


tion of plants 


Jour 


311 


sicarium 


Pharm. Asso 


scl 


Ph of the United States 15th 


The chemical 
1930 [p. 62] 


investiga- 


1] 


GLOTTIDIUM VESICARIUM 


National Formulary 
I Eddy, C 
ind Klump} 
ind 


in plant 


1952 


estimation ol 


tissue Anal 
M. M 
Willam 
Gentry. H 
Vil 
sapogenins ind 
Am. Pharn 


Kridei 
Eddy, C. R 
D. S., and 
pogenins Surve 
steroidal 
Jou 
1954 
ind 


ents 

43: 1 
West, I 

plants 


Bull 


Emmel, M 
lorida 
1952 


Simpson, C 


in 
510 
and 


I 
99 


Bagpod) seed poisoning 


Agr. Exp. } ir. S-58 


I 


10t} 


ipo 


24: 


nins 


9" 
od4 


Oe eaten 


i: 
fe: 


